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EXECUTIVE SUMMARY
This one-year project was designed to assess the feasibility of using the information contained
in the Illinois Stream Information System (ISIS), in conjunction with the Illinois Geographic
Information System (IGIS), to evaluate the riparian habitat for wildlife in the Vermilion
River Basin. The ISIS is a large, tabular data set developed by the Illinois Department of
Conservation in conjunction with the University of Illinois Departments of Landscape
Architecture and Urban and Regional Planning. It was begun in the early 1980s to facilitate the
management policies and acquisition for Illinois' streams. We know that Illinois' habitat for
wildlife is scarce because of the huge influence of human development. We also know that
proper management, acquisition, and protection of important riparian habitats can be of
extreme value for much of the remaining wildlife in the State. Our objectives in this project
were to use information contained in the ISIS and IGIS to assess stream riparian zones for their
habitat value; prioritization of streams (for acquisition or management) by habitat ranking
could then be possible, based on objective, scientific data. This assessment was done at two
levels-the tributary or stream level, and the stream segment or subtributary level for the
Vermilion River basin in east-central Illinois.
For the tributary analysis, four data sets were used to evaluate land cover encompassing 300 m
on either side of the streams: (1) the ISIS data combined with the IGIS stream network
coverage at a scale of 1:700,000, (2) the U.S. Geological Survey's land use and land cover
information (LUDA) coded at a 1:250,000 scale, (3) land cover manually digitized from the
National High Altitude Photography (NHAP) program at a scale of 1:24,000, and (4) Landsat
Thematic Mapper (TM) data, classified into land cover with a resolution of 30 m. Only those
streams with a minimum of 10 square miles of drainage area were evaluated. Each of 30
tributaries in the study area were ranked for habitat according to the data contained within
these four data sets. Habitat ranking schemes were devised and analysis performed for three
species guilds-forest species, grassland species, and mixed successional species. Results
showed that, for forest habitat, all four data sets were able to differentiate habitat value
among tributaries in a similar, and significantly correlated way. For mixed successional
habitat, the same was true but not as well correlated because of differing definitions of what
constitutes mixed successional habitat. For grassland habitats, the same pattern again held but
the various estimates correlated lowest of the three guilds; differing resolutions of the data
and classification schemes were responsible. Overall, it was shown that the ISIS data were
valuable in assessing habitat and that it is feasible to use the methodology developed here to
rank Illinois streams (draining more than 10 square miles) in this manner. The TM data also
were shown to be valuable in this respect and have two advantages over ISIS data: (1) TM data
are not restricted by the 10-square-mile drainage basin size limitation, and (2) new TM data are
continually being collected by the Landsat satellite. However, a statewide ranking scheme, at
the tributary level of analysis, would require a great effort in terms of personnel, computer
time, and money to process current TM data.
5Dynamic segmentation, a recent advancement in GIS technology (April 1991), introduces the
capability for analyzing and displaying stream (or any linear feature) information at a level
not previously possible. The dynamic segmentation software allows features, such as bankside
vegetation or habitat ratings, to be attached to small segments, or portions of a stream, instead
of having attributes assigned only to the entire stream. Because the ISIS data are tied to the
River Mile Index (RMI) system (with a 0.1 mile resolution), any ISIS attribute can be related
via dynamic segmentation to the specific RMI of the stream in question. Our preliminary
analysis of dynamic segmentation indicates that while a sizeable effort is needed to prepare
the geographic base map to which the ISIS data would be linked, valuable new research and
management tools become available with this technology.
While much more work is needed in assessing habitat, especially if the effort is expanded to a
statewide level, and in refining the methods and software used for dynamic segmentation, the
project has plowed new ground in both arenas. Expending additional effort along these lines
will benefit the management of our State's dwindling riparian resources.
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INTRODUCTION
Illinois encompasses an area of more than 55,000 square miles and contains in excess of 13,200
linear miles of streams and rivers (Neely and Heister, 1987). Although expansive in size, there
are few areas remaining in Illinois that can be considered as high quality for wildlife, and in
some regions, even areas of "marginal" or "good" quality are rare. The majority of the streams
in the State are characterized by their low gradient and were historically connected to
expansive floodplain areas of high-quality wetland, forest, and grassland habitats.
Subsequent channelization, artificial draining, and leveeing effectively isolated the fertile
floodplain from the stream channels leading to the decimation of much of the native habitats
throughout the State (e.g., Osborne et al., 1991). Several years ago the President's Council on
Environmental Quality (1978) estimated that as much as 70 percent of the presettlement
riparian ecosystems, or systems adjacent to streams and rivers, in the United States had been
destroyed. Similar, or even greater losses of forests and wetlands have been documented across
Illinois (Iverson and Risser, 1987; Iverson et al., 1989) and high rates of land conversion
continues (Osborne et al., 1991). The loss of wildlife habitat has been documented in Illinois
and has reached a critical stage (Illinois Wildlife Habitat Commission, 1985). Nonetheless,
the remaining riparian areas still comprise a significant portion of the remnant forested
vegetation in the State. This pattern is primarily due to the difficulty of growing row crops
economically on the steeper slopes associated with many of the stream and river valleys. Thus,
information on the location and extent of these important vestiges of native Illinois are critical
to their successful management and protection. Management of riparian habitats in Illinois is
complicated not only by the State's vast size, but, also by the geographical variability that
exists from north to south, and most importantly, by economic constraints. It is imperative that
resource managers maximize the use and application of information that may reside in
statewide databases to identify these vital riparian habitats. Therefore, the objectives of this
study were to: (1) identify riparian wildlife habitats along streams in the Vermilion River
basin located in east-central Illinois using applicable and available data sources; (2) develop
and assess methodologies to identify riparian habitats of different qualities in the Vermilion
River basin using these data sources; and (3) compare the results of these data sources to one
another in an attempt to identify a process, utilizing these databases, that could be used or
modified to identify quality riparian wildlife habitats throughout the State.
Information generated from this study should provide State resource managers and policy
makers with a mechanism to identify areas where riparian habitats may yet exist and a
generally applicable procedure to make preliminary assessments of the quality of the area as
wildlife habitat. Such information will be vital to the endangered species and heritage
programs within the state of Illinois. Furthermore, such information could be invaluable to the
Governor's proposed Land and Water Use Task Force that is tentatively scheduled for
formation and activation in the fall of 1991.
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MATERIALS AND METHODS
Study Area
This study was conducted in the Salt Fork and Middle Fork branches of the Vermilion River
(tributary to the Wabash River) located in east-central Illinois (Figure 1). Contained within
these branches of the Vermilion River were a total of 30 streams which drain an area of at
least 10 square miles. The Vermilion River basin has a long history of scientific investigation
because of its close proximity to the University of Illinois and the Illinois Natural History
Survey. Detailed descriptions of the history, geography, soils, climate, land use, and aquatic
fauna can be found elsewhere (Osborne and Wiley, 1988; Wiley et al., 1990; Osborne et al., 1991;
Tazik et al.,1991; and references therein).
Methodology
The Illinois Geographic Information System (IGIS) was the primary tool used to perform the
work described here. By incorporating a spatial or locational component to the data used in the
study, the IGIS made it possible to combine and compare various data sets, to evaluate their
characterization of streams relative to wildlife habitat, and to generate maps and tabular
data for statistical analysis and display. Several data sets were available for analysis and
evaluation, ranging in scale from 1:250,000 to 1:24,000 (Table 1). Most were at a large scale.
Many of the data sets used in the study are subsets of larger, statewide coverages. Others are
regional, covering only the Vermilion basin, as in this investigation. Data sets differ in scale,
temporality, and in the degree of processing which was necessary to use them. Differing coding
schemes needed to be "normalized" so that data generated through spatial processing of the
various data sets could be statistically compared. It should be noted that much of the
processing of data was focused on comparing among various data sets. The question of how much
effort is required to develop some combination of this information on a statewide basis is
discussed later in the report.
1. Land and Stream Data Set Description and Derivation
The primary data sets used in the study are discussed below. They are summarized in Table 1.
a. Illinois Streams Information System
The Illinois Streams Information System (ISIS) is a relational database organized by river and
river mile index measured to the tenth-of-a-mile. ISIS contains information for every stream
reach in Illinois draining an area of 10 or more square miles. Data capture was begun in 1981 to
meet the policy analysis and management needs of the Illinois Department of Conservation
(IDOC) Planning Department. It was developed and maintained through a contract with the
IDOC and the Departments of Landscape Architecture and Urban and Regional Planning at the
University of Illinois. ISIS was created specifically for stream inventory and classification,
permit review, and development of stream management policies. It contains a wealth of
information on the State's surface waters of potential use to managers and researchers alike.
Several reports by the University of Illinois ISIS contractors detail the procedures and
descriptions of this large, rich data set (Hinrichs and Hopkins, 1991; Illinois Department of
Conservation, 1991; Johnston et al., 1991).
The data in ISIS exist in tabular form and represent information, for each stream, on locational,
physical, biological, chemical, cultural, recreational, and developmental characteristics. An
Autocad file (a suite of programs used primarily for computer-aided drafting) of a 1:700,000
scale representation of the streams of the Vermilion basin was used for graphical display. This
15
Figure 1. Vermilion River basin in east-central Illinois.
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Table 1. Summary of data sets used in this study.
Scale/
Name Date resolution Type Source
Stream Network
DLG-Hydrology
NHAP
ISIS stream network
Land Cover
LUDA
NHAP
ISIS stream network
Landsat imagery
NWI
INAI
Varies 1:100,000
1981-1983 1:24,000
Varies
1978, 1881
1981-1983
Varies
1988
1981,1983
Varies
Other
Drainage basin
boundary
Public land survey
sections
Varies
Varies
1:700,000
40 acres
1:24,000
0.1 mile
30 meters
1:24,000
1:24,000
1:24,000
1:24,000
Arc coverage
Arc coverage
Autocad file
Arc coverage
Arc coverage
Linear topology
Erdas
Arc coverage
Arc coverage
Arc coverage
Arc coverage
USGS 1:24,000 base map
series
USGS 1:24,000 base map
series
Aerial photography
Aerial photography
Aerial photography
Aerial photography
Landsat thematic
mapper
Aerial photography,
58,000-foot altitude
Illinois Department
of Conservation
USGS WRD drainage
basin area files
USGS 7.5- and 15-minute
base maps
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file was obtained from the Department of Landscape Architecture along with tabular data .of
stream names and total lengths, convergent locations of tributaries, stream bankside vegetation,
and locations where streams cross section lines (Public Land Survey). These data were loaded
into the IGIS. The Arc/Info program "Dxfarc" was used to convert the 1:700,000 Autocad
graphic representation of the Vermilion basin stream network into an Arc/Info format, while
the tabular data were input via ASCII intermediate files.
The ISIS Autocad file of streams was registered and transformed to the coordinate system of the
IGIS using stream confluence points as common points of reference. As a result, these data were
registered to the same coordinate system as the IGIS and could be overlaid with any other IGIS
data.
The streams in ISIS are all given 32-digit, hierarchical codes according to the methods
presented in Hinrichs and Hopkins (1991); within this report the codes are abbreviated to the
seven digits required for uniqueness in the Vermilion Basin, and are presented spatially in
Figure 2. Each stream for the 30 streams in the Vermilion basin with 10 or more square miles of
drainage are also presented by name (Fig. 3).
Information in the ISIS data for bankside vegetation within 300 m of a stream were determined
from aerial photograph slides obtained from the Agricultural Stabilization and Conservation
Service (ASCS). The slides were projected onto U.S. Geological Survey (USGS) 7.5 minute
topographic maps to assist in determining the location and path of each stream. Homogeneous
land use and cover patterns of more than 0.1 mile in length along each stream bank were
delineated. River miles were assigned to break points between each vegetation type by
digitizing the stream from the mouth to the source. Three kinds of data were collected: (1) the
predominant land use and cover at bankside, (2) the width of the bankside land use and cover,
and (3) the predominant land use and cover in a 300-m wide strip paralleling the stream. Eight
types of land use and cover were used: forested areas (>45 percent forest canopy), areas of mixed
vegetation (<45 percent forest canopy), grassy areas (noncultivated), agricultural areas, urban
or developed areas, disturbed or barren areas, reservoirs, and other water areas. A photo
interpreter's scale from the University of Michigan School of Natural Resources was used to
determine percentage of canopy cover. These data, transferred from the ISIS data base to the
IGIS, were used to assess wildlife habitat for each of the 30 streams as well as provide input
data for the dynamic segmentation process, both of which are described later in this report.
b. Digital Line Graph
Primary among the digital cartographic products produced by the USGS are the Digital Line
Graph (DLG) files.. The 1:100,000 scale hydrographic layer of the DLG files for all of Illinois
resides on the IGIS and comprises the most detailed representation of the streams and lakes
available for the whole State. The USGS produced these data by digitizing a
photographically reduced composite of the hydrography layer from the 1:24,000 USGS base
map series. The data carry codes identifying the type of feature represented, such as stream or
shoreline and descriptive information such as intermittent or right bank (U.S. Department of
the Interior, 1989).
The data pertinent to the study area were extracted and modified for use in this project. This
effort involved edgematching to make the data topologically consistent and then extracting
only those streams for which ISIS contains data. Because ISIS streams were restricted to those
of at least 10 square miles of drainage area, far fewer streams exist in the ISIS data as
compared to the DLG data (Fig. 4). The reduction in stream detail, as shown in Figure 4, may be
a significant problem in assessing riparian habitat regionally. The location of the headwaters
were not modified (i.e., to match the headwaters as depicted in ISIS graphic data) from the
original DLG files; therefore, stream lengths will vary between the ISIS and DLG data sets.
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Figure 2. Seven-digit stream identification numbers for the Salt Fork and Middle Fork of the
Vermilion River, extracted from the Illinois Stream Information System (ISIS) 32-
digit stream identification codes.
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Figure 4. Comparison of DLG (gray) and ISIS (black) stream networks.
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c. Land Use and Data Analysis
The USGS Land Use and Data Analysis (LUDA) data set contained on the IGIS represents land
use and land cover for all of Illinois. LUDA is based on a hierarchical classification system
developed by the USGS for use with remote sensor data (Anderson et al., 1976). The data were
derived by conventional interpretation of high-altitude color-infrared photographs on base
maps at a scale of 1:250,000.
Data for the study area were extracted from this data set. They date from 1978 (Peoria
1:250,000 quadrangle) and 1981 (Danville 1:250,000 quadrangle). The first and second levels of
classification were used in the study. Level I consists of nine categories, six of which occur in
Illinois, as follows: urban or built-up, agricultural, forest, water, wetland, and barren. Level II
further subdivides each of these categories; these classes are presented as the first two digits in
the LUDA codes on Table 2.
d. National High Altitude Photography Program
Land use and cover patterns for the study area were derived from National High Altitude
Photography (NHAP). A portion of this information was generated on a previous IDENR-
supported contract to researchers at the Illinois Natural History Survey (INHS), the Illinois
State Water Survey (ISWS), and the Illinois State Geological Survey (ISGS) (Wiley et al.,
1987). The land use and cover information were determined by interpreting false-colored
infrared National High Altitude aerial photographs (1:20,000 scale; film exposure 1981-83)
obtained from the U.S. Department of the Interior, EROS Data Center in Sioux Falls, South
Dakota. Land use and cover patterns were interpreted as described in detail in Osborne and
Wiley (1988). The land use and cover classification system employed consisted of a modified
version of the LUDA system (Anderson et al., 1976) which is generally considered to be resource
oriented. The modified system consisted of six general categories: urban and built-up lands;
agricultural land; forest land; water (lake, reservoir, and streams); wetlands; and barren lands
(e.g., mining areas). Land use and cover within these six categories were interpreted down to
the third level of LUDA categorization in most cases and to the second level of LUDA
categorization in all others (see LUDA codes and categories, Table 2). Interpreted information
was digitized and treated as described in Osborne and Wiley (1988) and Wiley et al. (1987).
Stream locations were also interpreted from the NHAP photography, and are presented in
Figure 5. Shown also are the ISIS stream segments; once again a large number of smaller streams
were eliminated because of the 10-square-mile drainage basin limit.
e. Landsat Thematic Mapper
Landsat Thematic Mapper (TM) satellite data were used to assess land cover for a majority of
the watershed study area. The data were collected by the satellite on June 27, 1988, and had
been purchased by the INHS for another research project.
Thematic Mapper data have been available since 1982, when the first Landsat sensor, in
existence since 1972, was upgraded. The data have a spatial resolution of about 30 m x 30 m per
pixel (grid cell). For each pixel, information is recorded by the sensor in seven wavelength
bands of the electromagnetic spectrum, including three in the visible-light range, a near-
infrared band, two mid-infrared bands, and a thermal-range band. These spectral data are
presented as relative digital numbers in a range of 0-255. The TM data can be purchased in
computer format from a commercial vendor, the EOSAT Corporation, in scenes that are 2-
dimensional matrices covering 185 X 170 kilometers. The INHS had previously acquired image
processing software and hardware for analyzing satellite data. The configuration used for this
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Table 2. Land use and cover categories used in ISIS and the corresponding LUDA land-cover
codes proposed for use with each ISIS category. Level II codes used in LUDA are
presented as the first two digits, while three digits represent Level III codes used
in NHAP.
ISIS LUDA/NHAP Corresponding LUDA/
category code NHAP category
Agriculture
Grassland
Forest
Mixed successional
Urban
211
213
23
24
21
212
172
62
411
413
414
415
416
61
22
44
412
11
12
13
14
15
16
17
Inactive cropland
Active cropland
Confined feeding operations
Other agricultural land
Cropland
Active pastureland
Landfill sites (closed sanitary)
Grassland wetland
Riparian vegetation (trees)
Deciduous forest with housing
Forested wetland (reclaimed strip)
Deciduous forest (reclaimed strip)
Riparian forest (reclaimed strip)
Forested wetland
Orchards, nurseries, and horticulture areas
Secondary growth (shrubs, etc.)
Riparian vegetation (grassland/shrubs)
Residential
Commercial and services
Industrial
Transportation, communication, and utilities
Industrial and commercial complexes
Mixed urban and built-up areas
Other urban and built-up lands
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Figure 5. Comparison of NHAP (gray) and ISIS (black) stream networks.
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study was Erdas, Inc. image processing software, version 7.4, running on a Sun Sparcstation 1+
workstation.
In order to incorporate the satellite data with other GIS data, for example, to overlay the
watershed boundary, geographic reference needed to be established. Ground control points were
selected that could be accurately located in the TM data and on USGS 7.5 minute quadrangle
maps. The data X,Y locations of the ground control points were related to their Universal
Transverse Mercator (UTM) coordinates taken from the quadrangle maps using a linear
transformation algorithm. About 60 ground control points were used to rectify the full TM scene.
Registration accuracy was within half of a pixel (approximately 15 m on the ground).
The study area boundary was converted from a vector (Arc) coverage to a raster file and was
used to "clip" the TM data to create a file containing TM data for the study area only. The TM
scene used for this study did not cover about 19,000 hectares (8 percent) of the eastern portion of
the watershed study area.
The principle behind land cover mapping from satellite data is that areas of like land cover
will reflect energy in similar, and discernable, patterns. Various types of clustering or pattern
recognition algorithms can be used for determining a land cover map of an area. For this study,
the TM data were stratified into "mostly forests and grassland" and "mostly agricultural land"
strata prior to clustering to improve separation of trees from highly chlorophytic crops at the
time the data were collected (particularly corn). Such stratification is often necessary when
different land cover types look spectrally similar at a particular phenological state.
Stratification also improves classifications when the user knows a priori that one land cover
type, in this case agriculture, overwhelming dominates the area being mapped, making
separation of the less dominate cover types statistically more difficult. The NHAP land cover
data, described above, were used for the stratification.
A technique called "unsupervised" clustering was used to independently cluster each strata.
Unsupervised clustering means that the software, when given certain parameters by the user,
identifies all spectrally separable clusters in the data without the user predetermining
"training" fields of the land cover types to be mapped. In this manner, areas of unusual spectral
response are not "forced" into clusters to which they are not closely related, and a truer
representation of land cover, without user bias, is achieved.
The clusters determined by the unsupervised clustering routine were assessed for their spatial
distribution, and with the aid of aerial photographs and quadrangle maps, assigned to land
cover types. In most cases, many clusters were grouped together to represent one land cover type.
Once the clusters are grouped into a land cover classification, land cover statistics can be
generated for any subset of the study area. In this case, the Arc coverage that had been created
showing the 300-m buffer about each stream was converted to raster format. A program in the
image processing software allowed land cover statistics to be summarized by the 300-m buffer
area for each stream. These data were used to calculate the wildlife habitat rating for each
stream as was done using the NHAP, LUDA, and ISIS data, for comparison purposes, as
discussed later in this report.
f. National Wetlands Inventory
Wetland data for the Vermilion River basin were taken from the statewide National
Wetlands Inventory (NWI) which resides within the IGIS. The NWI, developed by the U.S.
Fish and Wildlife Service (Cowardin et al., 1979), is based on aerial photography flown at an
altitude of 58,000 feet. The photographs were manually interpreted and transcribed to the
USGS 1:24,000 base map series. The Illinois portion of the inventory was digitized under
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contract to the IDOC and subsequently transferred to the IGIS. The inventory identifies
wetlands as small as one-tenth of an acre. The photography for the Vermilion basin was flown
in the spring and fall of 1981 and 1983. No differentiation among wetland types was made for
this study.
g. Illinois Natural Areas Inventory and Illinois Nature Preserves
Natural areas and nature preserves data for the Vermilion basin were taken from the
statewide Illinois Natural Areas Inventory (INAI) developed under contract to the IDOC
(White, 1978). The data were created by digitizing boundaries drawn on 1:24,000 scale
quadrangle maps and low altitude photography (8,000 feet altitude) based on field visits. The
areas identified are considered to be of unique biological or cultural value to the State but do not
reflect any information on land ownership. The INAI data quite reliably depict the State's
best 0.05 percent of land still existing in a natural or near-natural condition. Usually (but not
always) as a subset to the INAI are the nature preserves, those locations which are now
protected by Illinois statute.
2. Comparison Among Data Sources of Stream Networks
Once the NHAP and DLG stream network coverages had been thinned so that stream segments
matched those in the ISIS database, more detailed work was done to further assess their co-
relationship and spatial compatibility. This was accomplished using two of Arc/Info's vector
processing tools and statistical summarizations. The first method involved buffering each of
the three coverages by 100 feet, and then overlaying the resultant buffers with each of the
other two stream data sets to identify the degree of co-registration (within the 100 feet
distance). Six overlay coverages were created using Arc's "Identity" command (DLG stream
versus NHAP and ISIS buffers, NHAP stream versus DLG and ISIS buffers, and ISIS stream
versus NHAP and DLG buffers), which allowed calculation of the proportion of each stream
data set falling within a 100-foot proximity of the other two representations of the streams.
The second evaluation technique to assess the correspondence among stream data sets involved
calculating the distance between stream confluences and calculating the distance between
headwater locations using the "Near" command in Arc/Info. This command calculates the
nearest linear distance between two points. There were 26 stream confluences and 28 stream
headwaters identified by ISIS in the Vermilion basin.
3. Analysis of Land Cover by Data Source
An effort was made to summarize the land cover information contained in the data sets
previously described in order to compare among data sources. This summarization was done for
the 300-m buffer area for each tributary to allow statistically viable comparisons among
sources.
a. Assessment of LUDA, NHAP, and TM Data Sets
The USGS Land Use Data (LUDA), the National High Altitude Photography (NHAP), and
the classified Landsat Thematic Mapper (TM) coverages describe land cover throughout the
entire Vermilion basin. For the purposes of comparison and analysis, all of these data were
overlayed with the 300-m buffer of DLG stream segments, as modified to reflect those streams
identified in ISIS (Fig. 6). The land use and cover composition of the area within 300 m of each
stream and for the entire study area was determined for each data set, as defined by that data
set.
Figure 6. 300-meter buffer around ISIS streams derived from 1:100,000 DLG data.
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b. Assessment of NWI and INAI Data Sets
The percent area classified as wetlands, natural areas and preserves within a 300-m buffer (600
m total width) was determined for each of the 30 tributaries in the Vermilion River basin. The
LUDA, NHAP, and TM data did not appropriately differentiate wetlands or natural areas and
preserves in their respective coding schemes. Therefore, a comparison among those data sources
could not be made with respect to the quantity of natural areas and preserves and wetlands. A-
Spearman rank correlation test was performed to evaluate the influence wetlands and natural
areas could have on final habitat ratings.
4. Analysis of Habitat by Tributary
Methods were developed to allow the information coded in the various data sets to be used as
surrogates for wildlife habitat, as described below. These methods needed to account for
differences in how land use was coded among the data sets.
A principle purpose of this project was to identify areas of riparian wildlife habitat and the
quality of those habitats. Technically speaking, habitat is defined as "where the animal
lives." As such, it is generally considered to be species specific with regards to physical
surroundings and prevailing environmental conditions. Obviously, it is not realistic to attempt
to identify the habitat of every wildlife (bird, mammal, amphibian, insect, etc.) species that
occurs in Illinois; nor, should it be necessary to do so from a management perspective. Because of
this, we use the term "habitat" in the generic sense as the habitat of a guild of species. The
concept of guild was introduced by Root (1967) and refers to a group of organisms of the same
taxocene that utilize a resource in a similar manner. For instance, use of this concept has proven
successful in aquatic ecology where analysis of trophic guilds, or animals that use the same food
resource in a similar fashion, has been emphasized.
Selection of guild categories was limited by the land use and cover categories that comprised
the original land use and cover classification systems (e.g., Anderson et al., 1967) used by each
of the individual databases and by the level of resolution of the different data sets that we
were working with. Therefore, our goal was to encompass the largest number of wildlife species
within the framework of these data constraints. We selected three fairly general guilds-
forest, grassland, and mixed successional. The specific LUDA land use and cover code employed
to characterize each guild is defined in Table 2. A general guide in conservation biology is that
a species can be best protected and managed by managing the habitat. Thus, using general
habitat guilds would seem consistent with contemporary natural resource management
philosophies.
a. Habitat Ratings by Guild for ISIS Data
The bankside vegetation classification in the ISIS consists of two components-the vegetation
adjacent to the stream and the dominant vegetation contained within 300 m of the stream. The
vegetation and land-use types classified were forest (F), agriculture (A), urban (U), mixed
forest and grass (M), and grass (G). The first component of the code (e.g., Fl, F2, F3, Al, etc.)
represents the adjacent vegetation type, with numeric modifiers to indicate the width of the
vegetation and land use in question (e.g., l=a width of 0 to 25 m, 2=a width of 26 to 75 m, and
3=a width of more than 75 m). The second component refers to the vegetation and land use
which is dominant across the 300-m streamside area. For example, a code of G2A indicates a
streamside dominated by agriculture over 300 m, but has 25 to 75 m of grass adjacent to the
stream. There were 75 of these wildlife categories to rate for each guild. A ten-point scale was
chosen (1 to 5 by 0.5 increments) to rate each vegetation and land use. The individuals from the
Vermilion Project each did a habitat rating, then we contacted four wildlife biologists to do a
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similar rating. From the 10 ratings, mean values were calculated for each of the 75 possible
combinations for each guild.
This information was then used to develop a weighted average rating for the stream by
summing habitat ratings (based on land use) along each tributary and dividing by its length as
represented in ISIS. The resulting data were then plotted with different line symbols denoting
the habitat ranking class.
b. Habitat Rating by Guild for LUDA, NHAP, and TM Data
Our goal was to calculate tributary and bank-specific wildlife habitat indices from information
in the LUDA, NHAP, and TM data sets and correlate it with complimentary indices generated
from the ISIS database. Therefore, a method had to be devised to create habitat scores for the
LUDA, NHAP, and TM data sets as a prerequisite first step. The percentage of each land cover
type from each of the three data sets (LUDA, NHAP, and TM) was calculated for each
tributary as a percentage of the total area encompassed by a buffer extending 300 m either side
of the stream. Percent land cover and the subsequent habitat ratings were developed for
grassland, forest, and mixed successional wildlife guilds.
Development of such a system proceeded under the following constraints: (1) the rating system
had to be applicable to land uses within 300 m of a major stream reach (0 to 300 m inclusive);
and, (2) the rating system had to accommodate a forest species guild, a grassland species guild,
and a mixed successional wildlife species guild. To evaluate the ISIS categories and wildlife
habitat index scores, LUDA categories (also used for NHAP classes) were grouped according to
information presented in Table 2.
Once comprehensive and relatively concordant land use and cover categories were generated, a
system for valuation of the proportion of riparian land cover within each category along each
stream was developed. Following examination of several potential procedures, we concluded
that the approach described below would be most appropriate for comparative purposes.
Evaluation of forest and grassland habitat was straightforward because of consistent
classification among data types, while the mixed successional guild was addressed in a
separate, more complicated fashion.
(1). Valuation of Forest and Grassland Habitat
The procedure uses interval measurements of land use and categorizes them into an ordinal level
of measure' similar to that of the ISIS scoring system. It assumes that no land uses other than
forest and grassland, the primary land uses for defining and characterizing a species guild of
interest, are of value or importance as wildlife habitat for the guilds in question. The initial
step involves the determination of the proportion of each of the major land use and cover
categories (Table 2) within each 300-m buffer of a tributary. Subsequently, a score of the
relative quality of the riparian habitat (within 300 m of the stream) is calculated for each
guild and for each tributary. The ordinal scoring system, which ranges from 0 (no habitat) to 5
(optimal habitat) in units of one-tenth, is based upon the general ecological observation that
the number of species inhabiting an area of a given habitat type is a simple function of the size
of the area or amount of habitat. Empirical studies have demonstrated that this relationship
is generally logarithmic in form as depicted in Figure 7.
Figure 7 was used as a model to generate the scoring procedures for grassland and forest species
guilds. This scoring scenario assumed that the species richness of forest and grassland species
increased as a function of the log of the size of the specific forest or grassland habitats. It also
assumed that habitats that were composed of a minimum of 85 percent grassland or forest were
optimal habitats for grassland and forest guild species (i.e., >85 percent received a score of 5).
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Figure 7. Theoretical relationship between the area of habitat and the number of species the
area supports.
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Therefore equation 1 was adopted to calculate the habitat index score for the forest and
grassland guilds.
(log(PCT+ 1)*5
md (HI) = log(101 ) + 0.15 (1)
where, rnd is a function that rounds the habitat index (HI) for the grassland or forest guild to
the nearest tenth, but does not exceed 5.0, and PCT is the percent forest or grassland land use (see
Table 2 for pertinent land-use codes). If the PCT is >85 percent, this formula will result in an HI
value greater than 5. In such instances, the md function rounds all values back to a maximum HI
value of 5. An example of the range in PCT for grassland or forest species guilds and their
respective HI scores are presented in Table 3.
(2). Procedure for Mixed Successional Guild
Mixed successional species pose a more complex problem. Although we employed a mixed
successional habitat land-use category (Table 2) and have assumed a logarithmic relationship
between mixed successional species and the area of mixed successional habitat (Fig. 7), forest
and grassland habitats may also be beneficial to the mixed successional habitat guild. The
positive effects of the forest and grassland habitats is related to the beneficial effects of edges
(boundaries between habitat types) and land-cover diversity that create appropriate habitats
for this transitional guild. Too much forest or grassland habitat is likely to detract from the
overall quality of the habitat for mixed successional species. For instance, we hypothesize
that a range of 0 to 20 percent of grassland and/or forest could be suitable for many mixed
successional species. Of course, not all areas of grassland and forest habitats (Table 2) provide
appropriate areas for mixed successional species; rather, the peripheral margins would be
expected to be most appropriate. Therefore, grassland and forest habitats should not be scaled
the same (or worth as much from a quality perspective) as an equivalent amount of mixed
successional habitats. A general graphical model of this concept is depicted in Figure 8. In
essence, we would expect a dominant logarithmic relationship to exist between habitat quality
and percent mixed successional land, and a subdominant parabolic-like relationship to exist
between mixed successional species and both grassland and forest habitat within the range of 0
to 20 percent of forest and/or grassland (Fig. 8). In our approach, we also consider the grassland
and forest habitats within the range of 0 to 20 percent to be of lesser value than equivalent
amounts of mixed successional habitats.
The procedure described below incorporates most of the preceding concepts associated with the
multi-function model depicted in Figure 8 into a single and relatively simplistic scoring system.
A formal mathematical solution to the model depicted in Figure 8 is obviously more complex
and difficult to develop than the approach that we adopted and describe below. Because of
the paucity of empirical data available to ascertain the appropriate coefficients for such a
model, and the diversity of taxocenes that the HI is intended to represent, we concluded that a
more formal and complex solution to the model was not warranted at this time. Nonetheless,
the proposed model, in its present form, provides some interesting and pertinent hypotheses for
future research and testing.
Similar to procedures for determining the HI for forest and grassland guilds, the proportions of
the total area within 300 m of the stream that are composed of mixed successional, grassland,
and forest land-use categories are calculated. If the grassland and/or forest categories
individually comprise <20 percent of the total area of land, then half of their proportional
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Table 3. Representative values of percent of grassland or forest land
and their respective habitat index values calculated from
Equation 1.
Forest or grassland
land cover
(%)
0
10
20
40
50
70
85
100
Habitat index
score
0.0
0.9
2.1
2.8
3.4
4.2
4.4
4.8
5.0
5.0
()
'0)0 (a(a) CL
x 0)
E co
Z oQ
lal
20%
Area
Figure 8. Hypothesized relationship between the area of forest and grassland habitat and
the number of mixed successional species supported and the relationship between the
number of mixed successional species and the, area of mixed successional habitat.
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area is added to the total proportion comprised of the mixed successional category (see equation
2) in determining the percent potential mixed successional (PMS) habitat.
This approach is formally presented by the equation:
%PMS = Suc % Mixed ) (%Grassland (•20%) +. (%Forest (<20%) (2)PMS-- S cessional 
- -" 2+2 (2)
The HI value for mixed successional species is then calculated by substituting the percent PMS
into equation 1 for PCT. All other procedures are as previously described for equation 1 above.
We reiterate that although calculations of HI utilize formal equations, the final values only
represent our best educated guess of the quality of a land category of a certain area for a
particular guild. In essence, the approach outlined above is still a "delphi" procedure and
should not be regarded as anything more powerful.
Table 4 provides representative HI values that result from different combinations of mixed
successional, grassland, and forest land cover combinations that were generated using the
preceding method.
c. Comparisons, Mapping and Analysis of ISIS, NHAP, LUDA and TM Data Sets.
The methodologies described in sections 2.a and 2.b. above were applied to each of the 30
stream reaches in the Vermilion basin for each guild. This procedure allowed calculation of
average habitat rating scores for each tributary which were plotted (using Arcplot) to visually
display habitat for each guild by data set. Further, correlations among data sources were
performed to assess relative performance of our rating schemes and the overall methodology.
Spearman rank correlations (nonparametric) were run among the four data sets to compare the
order of habitat rankings among the 30 tributaries. Pearson product moment statistics were also
conducted to see similarities in actual habitat ratings among the three data sets derived via
similar methods and continuous data (NHAP, LUDA, and TM).
5. Linking ISIS to the IGIS at the Stream Segment Level
The ISIS, and all of the information it contains, are stored in a topologically structured
relational database. In order to spatially locate data contained in the ISIS for a specific point
along a stream, such as where the bankside vegetation changes, the ISIS needed to be tied to a
representation of the stream that supports the ISIS river mile indexing system. The ISIS river
mile indexing system is based on a stream name and linear measure called a River Mile Index
(Healy, 1979a, 1979b; Hinrichs and Hopkins, 1991).
The methodologies and comparisons described previously in this report concentrate on the
tributary level of analysis. It is not possible, without further efforts, to work with ISIS data
below the tributary level. The effort required to do this is based on work already done for
analysis at the tributary level.
As discussed previously, to work with the ISIS data at the tributary level, a coverage of
tributaries was developed from the DLG data and coded to contain the stream codes from the
ISIS data. This made it possible to relate the ISIS data for each stream to the graphic
representation of that stream. This work was necessary due to the limits imposed by the
nonspatial nature of the ISIS database.
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Table 4. Range of habitat index for mixed successional guild under
varying proportions of grassland, forest, and mixed succes-
sional land-cover conditions.
Percent of land cover type
Habitat index Mixed
score successional Forest Grassland
0.9 1 0 0
2.2 1 5 5
2.9 5 3 10
3.4 7 1 25
3.2 10 5 5
3.8 20 1 15
4.2 35 10 5
4.3 40 4 4
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A new module of the Arc/Info software supports linear modeling through a process called
dynamic segmentation. This approach provides the tools needed to tie the ISIS tabular data
with a geographic representation of the stream network in Arc. Any point or stream segment
identified in the ISIS can then be mapped and manipulated relative to other information
contained in the IGIS.
Jordan Creek, within the Vermilion basin, was selected as a pilot for work with the Arc
dynamic segmentation software.
a. Manual Analysis of Tordan Creek
To establish a baseline for the evaluation of products generated from Arc dynamic
segmentation, the bankside vegetation for Jordan Creek was digitized into the IGIS from
original ISIS source maps. The streams and 300-m buffer for Jordan Creek were selected out of
their respective coverages for the larger basin and combined into a single coverage. Bankside
vegetation boundaries were digitized and labels and attribute information for these polygons
were entered.
b. Dynamic Segmentation of Tordan Creek
Dynamic segmentation works by supporting the imposition of a linear referencing system into
existing arc coverages. Each arc is coded as to its beginning and ending linear measure. For the
ISIS data, this measurement scheme is the River Mile Index or RMI (Healy, 1979a, 1979b). The
software then supports interpolation along the arcs based on the from-to measures carried with
the ISIS descriptive data.
To obtain a reasonable level of locational accuracy, Jordan Creek was intersected with the
Public Land Survey (PLS) section lines. This separated the single arc representing Jordan Creek
into 14 arcs, each beginning and ending at a section line. The RMI values of these locations are
contained in ISIS and were transferred to Arc/Info. Each arc was then coded to reflect its RMI
from-to measures (Figure 9). The use of PLS section lines imposes a 1-square-mile grid into the
stream network. The data in ISIS is reported to the tenth of a mile. This includes the RMI at
which streams cross the section lines. This fairly coarse resolution places a limit on how
accurately data can be expected to be positionally located.
c. Comparison of Methods
The two very distinct methods, described above, to assess tributary characteristics at the
stream segment level were then compared, using visual comparison and measurements of
distance between segment breaks. A more elaborate, statistical comparison was not possible at
this time.
RESULTS AND DISCUSSION
1. Comparison Among Data Sources of Stream Networks
Comparisons of the similarity in the hydrology network coverages revealed a high
correspondence between the DLG and the NHAP data (Table 5). Sixty-eight percent of the
NHAP streams registered within the 100-foot buffer of the DLG network file. The ISIS
hydrology network was substantially different from the DLG and the NHAP coverages as
indicated by the low 16 percent correspondence with both the DLG and the NHAP river
network coverages (Table 5). The low correspondence of the ISIS database with the other
network coverages was associated with the coarser resolution (1:700,000 scale) of the ISIS data.
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Figure 9. ISIS River Mile Index values for Jordan Creek generated by Arc dynamic
segmentation.
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Table 5. Matrix of the proportion of streams in the DLG, NHAP, and
ISIS hydrology network data files contained within a 100-
foot buffer of streams for each respective data set.
Buffer covers (100 feet)
Stream DLG NHAP ISIS
files (%) (%) (%)
DLG 100- -
NHAP 68 100
ISIS 16 16 100
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The mean distances between the points for the three data sets (DLG, NHAP, ISIS) determined
using the "Near" command are given for stream intersections (Table 6) and headwaters (Table
7). The mean distance between the intersections for the DLG-NHAP overlay files was 253 feet;
less than half the distances for the combinations with the ISIS data (560 feet for ISIS and DLG
and 669 feet for NHAP and DLG). These results once again reflect the greater precision in
geographic coordinates for the higher resolution (DLG and NHAP) data. Further, these results
reflect the lack of spatial georeferencing associated with the Autocad-generated ISIS file and
emphasize the need to use the DLG data as the stream network when linking the ISIS tabular
data to the IGIS.
The information in Table 7 relates to the location of the headwaters for the finest resolvable
stream in the source photography. Many of the DLG streams extended beyond the point where
ISIS or NHAP had stopped (Figs. 4-5). This pattern is evident in the large difference in
distance between headwaters for DLG versus ISIS. This table is somewhat misleading in that
it implies NHAP and ISIS are more similar in distance between headwaters than is NHAP and
DLG. This, however, is not true. The NHAP data set takes into account tiling in that stream
segments are interrupted in sections and then continue on. This is reflected in the discontinuous
hydrology lines in some of the headwater streams in Figure 5. The "Near" command in Arc/Info
cannot recognize these stream breaks and subsequent continuations, it can only calculate the
stream nearest to the one in question. Therefore, Arc was calculating the stream break nearest
the ISIS headwater even though the NHAP stream often continued further on. These data do,
however, demonstrate the very restricted nature of the ISIS hydrology file and is to be
expected because only those streams with watershed areas greater than 10 square miles were
contained in the ISIS data base.
Overall, the DLG files were shown to represent the stream network more accurately, both in
terms of location and extent, than the data obtained from ISIS. This was expected given the
differences in scale. Because of the limitations of the 1:700,000 scale of the ISIS graphic file
(i.e. the high generalized representation of the stream system in the watershed), it was
eliminated from consideration as the file from which we would do further Arc processing. The
fact that the NHAP coverages are not digitized for the State precluded the use of this
information as the hydrologic base map for linking the ISIS tabular data to the IGIS.
Therefore, the DLG data were selected as the best source of hydrologic information for the
State. These data were used to represent the location of the streams and to generate a buffer of
300 m to emulate the attribute data carried in the ISIS bankside vegetation files (Fig. 6). This
buffer was also used to extract and analyze land cover data from the other data sets for
comparison with the descriptive data contained in ISIS.
2. Analysis of Land Cover by Data Source
We were interested to learn of the inherent differences and similarities among the data sets,
apart from the rankings for habitat value. In this section, we report on the proportions of each
tributary's 300-m buffer, as depicted by various data sets, contained in forest, grassland, mixed
successional, agricultural, urban, wetlands, and natural areas.
a. Assessment of LUDA, NHAP, and TM Data Sets
The land-cover percentages for LUDA, NHAP, and TM for each stream tributary, the average
for the 300-m buffer, and the average for the entire basin are presented in Tables 8-13.
The entire Vermilion River basin was covered by the LUDA data. The Level II LUDA
classification used in assessing the land cover for this data set did not differentiate grassland
from the other land-cover types. The other land-cover categories are listed in Table 2. For the
entire basin, the percentage of each land cover was: forest (2.03 percent), mixed successional (0.1
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Table 6. Mean distance in feet between stream intersections or
confluences for combinations of ISIS, NHAP, and USGS
1:100,000 DLG data sets.
ISIS x DLG DLG x NHAP
NHAP x ISIS
(feet) (feet) (feet)
560 253 669
Table 7. Mean distance in feet between stream headwater locations for
combinations of the ISIS graphic data and the NHAP and
DLG data.
ISIS x DLG DLG x NHAP
NHAP x ISIS
(feet) (feet) (feet)
4,525 6,156 2,812
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Table 8. Forest percentages by tributary for LUDA, NHAP, and TM data sets.
LUDA NHAP TM
Tributary (%) (%) (%)
7000000
7001000
7002000
7002002
7002003
7002005
7003000
7005000
7007000
7009000
7009001
7009003
7010000
7010002
7011000
7011001
7011002
7011003
8000000
8001000
8002000
8002700
8003000
8004000
8006000
8007000
8009000
8010000
8011000
8012000
22.55
0.00
1.17
0.00
0.00
0.00
1.67
0.00
0.00
3.23
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
14.12
6.16
9.91
17.42
2.45
6.40
0.00
0.00
0.00
0.00
0.00
0.00
Average for buffer (%)
Average for basin (%)
5.98
2.03
43.12
12.00
13.44
2.24
0.00
0.00
9.17
4.57
0.42
9.42
0.00
0.00
0.50
0.35
0.52
0.00
0.00
0.00
35.14
27.61
23.05
32.80
14.53
38.18
14.65
6.17
2.01
3.24
3.43
2.67
15.58
4.19
26.82
13.29
9.85
1.11
0.00
0.00
6.11
0.99
0.26
7.67
0.00
0.00
0.36
0.01
0.31
0.02
0.00
0.00
21.55**
4.59**
0.00*
29.34
11.84
28.57**
8.36
5.44
0.61
2.72
3.19
2.57
9.40
1.70
*TM data do not cover stream.
**TM data cover only part of stream in highly agricultural portion.
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Table 9. Grassland percentages by tributary for LUDA, NHAP, and TM data sets.
LUDA NHAP TM
Tributary (%) (%) (%)
7000000
7001000
7002000
7002002
7002003
7002005
7003000
7005000
7007000
7009000
7009001
7009003
7010000
7010002
7011000
7011001
7011002
7011003
8000000
8001000
8002000
8002700
8003000
8004000
8006000
8007000
8009000
8010000
8011000
8012000
Average for buffer (%)
Average for basin (%)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0000
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.01
1.16
2.96
6.91
0.00
0.00
0.93
0.00
0.00
3.40
0.00
0.00
0.30
0.00
4.43
0.00
0.00
0.00
0.72
0.28
3.95
12.61
6.68
0.00
4.26
0.00
0.00
0.00
0.00
0.00
1.71
0.53
10.25
3.36
4.23
8.50
0.03
0.30
3.64
3.90
0.59
1.73
0.01
0.02
0.59
3.64
3.16
1.16
0.80
0.36
7.58**
4.86**
0.00*
19.59
17.48
7.94**
7.57
5.32
5.19
1.59
1.88
1.50
4.72
1.90
*TM data do not cover stream.
**TM data cover only part of stream in highly agricultural portion.
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Table 10. Mixed successional percentages by tributary for LUDA, NHAP, and TM data sets.
LUDA NHAP TM
Tributary (%) (%) (%)
7000000
7001000
7002000
7002002
7002003
7002005
7003000
7005000
7007000
7009000
7009001
7009003
7010000
7010002
7011000
7011001
7011002
7011003
8000000
8001000
8002000
8002700
8003000
8004000
8006000
8007000
8009000
8010000
8011000
8012000
Average for buffer (%)
Average for basin (%)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.05
0.73
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.16
0.11
0.64
0.00
4.53
0.33
0.00
0.00
0.00
2.26
0.00
1.07
0.00
0.00
0.51
1.82
0.00
1.61
0.00
0.00
4.32
7.44
0.00
6.93
11.57
0.00
1.11
7.20
6.93
5.20
4.25
1.62
2.27
0.75
8.90
2.48
7.12
0.88
0.00
0.00
1.79
2.62
0.14
5.63
0.00
0.00
0.52
1.00
0.18
0.78
0.00
0.00
7.05**
4.56**
0.00*
5.08
7.46
6.63**
5.35
3.73
4.04
4.60
3.18
1.18
3.95
1.20
*TM data do not cover stream.
**TM data cover only part of stream in highly agricultural portion.
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Table 11. Agricultural percentages by tributary for LUDA, NHAP, and TM data sets.
LUDA NHAP TM
Tributary (%) (%) (%)
7000000
7001000
7002000
7002002
7002003
7002005
7003000
7005000
7007000
7009000
7009001
7009003
7010000
7010002
7011000
7011001
7011002
7011003
8000000
8001000
8002000
8002700
8003000
8004000
8006000
8007000
8009000
8010000
8011000
8012000
Average for buffer (%)
Average for basin (%)
75.20
99.33
97.24
98.68
97.03
100.00
98.33
100.00
94.76
79.67
94.54
99.61
99.62
100.00
96.48
100.00
97.86
80.28
81.12
93.84
86.73
80.96
97.55
93.60
97.01
99.19
100.00
100.00
100.00
100.00
90.49
94.20
50.12
86.07
75.67
90.37
97.31
100.00
89.90
93.17
99.16
73.77
99.03
100.00
98.43
97.42
93.32
98.37
99.07
79.60
57.43
63.91
65.41
45.55
67.13
61.01
77.30
84.69
91.06
91.53
92.32
95.64
77.69
91.00
52.22
79.74
76.92
89.38
96.89
99.63
88.45
92.49
98.86
73.17
99.18
99.98
98.46
94.92
91.71
98.01
98.24
79.17
62.79**
85.07**
0.00*
43.73
63.18
56.65**
76.06
83.59
90.16
90.04
91.74
94.69
79.48
91.90
*TM data do not cover stream.
**TM data cover only part of stream in highly agricultural portion.
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Table 12. Urban percentages by tributary for LUDA, NHAP, and TM data sets.
LUDA NHAP TM
Tributary (%) (%) (%)
7000000
7001000
7002000
7002002
7002003
7002005
7003000
7005000
7007000
7009000
7009001
7009003
7010000
7010002
7011000
7011001
7011002
7011003
8000000
8001000
8002000
8002700
8003000
8004000
8006000
8007000
8009000
8010000
8011000
8012000
2.15
0.67
1.59
1.32
2.97
0.00
0.00
0.00
0.19
15.73
5.46
0.39
0.00
0.00
3.39
0.00
2.14
19.72
0.70
0.00
0.00
1.62
0.00
0.00
2.99
0.81
0.00
0.00
0.00
0.00
Average for buffer (%)
Average for basin (%)
2.48
3.10
1.39
0.77
1.58
0.00
2.25
0.00
0.00
0.00
0.16
11.72
0.37
0.00
0.26
0.41
1.28
0.02
0.93
20.40
0.53
0.63
0.00
2.04
0.00
0.00
2.54
1.94
0.00
0.00
0.00
0.00
1.89
2.92
1.53
1.14
1.53
0.00
2.24
0.00
0.00
0.00
0.12
10.79
0.37
0.00
0.00
0.42
3.65
0.03
0.96
20.47
0.61**
0.93**
0.00*
2.21
0.00
0.00*
2.52
1.91
0.00
0.00
0.00
0.00
2.11
3.00
*TM data do not cover stream.
**TM data cover only part of stream in highly agricultural portion.
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Table 13. Water percentages by tributary for LUDA, NHAP, and TM data sets.
LUDA NHAP TM
Tributary (%) (%) (%)
7000000
7001000
7002000
7002002
7002003
7002005
7003000
7005000
7007000
7009000
7009001
7009003
7010000
7010002
7011000
7011001
7011002
7011003
8000000
8001000
8002000
8002700
8003000
8004000
8006000
8007000
8009000
8010000
8011000
8012000
Average for buffer (%)
Average for basin (%)
0.11
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.44
0.00
3.36
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.32
0.12
1.19
0.00
0.98
0.15
0.44
0.00
0.00
0.00
0.00
0.63
0.61
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.04
0.14
7.58
0.08
0.09
0.81
0.14
0.00
0.00
0.02
0.00
0.06
0.58
0.20
0.28
0.00
0.35
0.13
0.84
0.07
0.01
0.00
0.02
1.00
0.43
0.00
0.07
0.00
1.00
0.00
0.00
0.00
0.41**
0.00**
0.00*
0.05
0.03
0.20**
0.13
0.00
0.00
1.05
0.00
0.06
0.33
0.40
*TM data do not cover stream.
**TM data cover only part of stream in highly agricultural portion.
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percent), agriculture (94.2 percent), urban (3.1 percent), and water (0.12 percent). For various
tributaries within the 300-m buffer for LUDA data, forest ranged from 0 to 22.5 percent, 0 to 5.05
percent for mixed successional, 75.2 to 100 percent for agriculture, 0 to 19.72 percent for urban, and
0 to 3.36 percent for water.
The NHAP data set used the Level III classification as shown in Table 2. For the entire basin,
land-cover percentages were: forest (4.19 percent), grassland (0.53 percent), mixed successional
(0.75 percent), agriculture (91 percent), urban (2.92 percent), and water (0.2 percent) within the
300-m stream buffer for NHAP data. Among streams in the basin, land-cover percentage ranges
were: forest (0 to 43.12 percent), grassland (0 to 12.61 percent), mixed successional (0 to 11.57
percent), agriculture (45.55 to 100 percent), urban (0 to 20.4 percent), and water (0 to 7.58
percent).
The unsupervised clustering of the Landsat TM data resulted in 37 clusters in the forest and
grassland strata and 75 clusters in the agricultural strata. During evaluation of these clusters,
it was determined that due to problems of haze in the raw data, many agricultural areas were
as highly reflectant as urban areas and were therefore spectrally confused. For this reason,
urban areas as mapped in the NHAP data were merged into the TM data and used exclusively
to represent the urban class. Other classes mapped were forest, grassland, mixed successional,
agricultural, and water. These classes were selected to resemble as closely as possible the
merged land-cover types used to assess wildlife habitat parameters in the ISIS, NHAP, and
LUDA data sets.
For the entire TM study area (minus the 8 percent not covered by the TM data), the land-cover
percentages were: forest (1.7 percent), grassland (1.9 percent), mixed successional (1.2 percent),
agriculture (91.9 percent), urban (3 percent), and water (0.4 percent). Forest in the stream buffers
for the TM data ranged from 0 to 29.3 percent, 0 to 19.6 percent for grassland, 0 to 8.9 percent for
mixed successional, 0 to 99.98 percent for agriculture, 0 to 20.5 percent for urban, and 0 to 1.1
percent for water.
Overall, trends for the LUDA, NHAP, and TM data sets show that the percent of forest,
grassland, and mixed successional land cover were higher in the buffer than in the basin as a
whole (Tables 8-10). Not surprisingly, the reverse was true for agricultural and urban areas
(Tables 11, 12). The percentage of water in the buffer was higher than the total basin for
LUDA and NHAP data, but was slightly lower for the TM data (Table 13). The substantially
higher proportion of forest, grassland, and mixed successional habitat within 300 m of the
streams reflects the importance of riparian zones to wildlife in Illinois and the obvious need for
geographic information to manage these valuable resources.
The greater percentage of forest in the NHAP and Tm coverages relative to the LUDA coverage
can be attributed to the greater resolution of the NHAP and TM data and to the fact that a
high proportion of the forested vegetation in the Vermilion basin is in the form of small
patches. Many of these patches are smaller than the spatial resolution capabilities of the
LUDA data. Thus, very small habitat patches will be lost or unaccounted for using coarser
resolution data. The importance of such small habitat patches to wildlife is, of course, species
dependent. The TM data had somewhat higher proportions of grassland and mixed
successional land cover and lower proportions of forest than did the NHAP coverages (Tables 8-
10). These differences can be attributed to the manner in which land cover was interpreted and
coded rather than differences in resolution (Table 9).
The correlation among land-cover categories for the LUDA, NHAP, and TM data sets was
determined using a Pearson product moment correlation. The percent of forested, agricultural,
and urban land-cover types were highly similar for all three data sets, as indicated by the
highly significant correlations among the three data sets (Tables 14, 17,18). In other words, as
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the percent of forest increased in LUDA, it also increased in NHAP and TM. The same was true
for the grassland category, for NHAP and TM data sets; LUDA did not have a grassland
category, so no correlation value was given (Table 15). For the mixed successional land-cover
category, NHAP and TM data sets were significantly correlated, while the LUDA data set did
not correlate to NHAP or TM (Table 16). The lack of a significant correlation between LUDA
and the other data sets can be attributed to the fact that the mixed successional land-cover
category occurred along only two stream reaches in the LUDA coverage. This same category
was substantially more prevalent in the NHAP and TM data sets. The percentages of water
were correlated only for LUDA and NHAP (Table 19). When vegetation overhangs water
bodies, such as trees over streams, the ability of TM, operating on a 30 m x 30 m spatial
resolution, to separate water from vegetation is poor as compared to analysis of aerial
photographs (NHAP and LUDA).
b. Assessment of NWI and NAI Data Sets
A greater percentage of wetlands, natural areas, and nature preserves are contained within the
300-m buffer of each stream tributary than are contained in the basin as a whole;
proportionately four times as many wetlands, three times as much natural area, and two times
as much nature preserve are found within the buffer as is found in the basin overall (Table 20).
This illustrates that for the Vermilion River basin, the most valuable sources for high-quality
habitat for wildlife are along stream riparian zones. Streams that have the largest percentage
of wetlands are the Salt Fork (with 14.7 percent of its buffer area contained in wetlands),
Middle Fork (12.4 percent), and Windfall Creek (11.3 percent). Streams that contain the most
natural areas are the Middle Fork (1.5 percent of the buffer area in natural areas), the Saline
Branch Drainage Ditch (0.86 percent), and the Salt Fork (0.75 percent). Nature preserves are
found along only two streams, the Middle Fork (with 5.06 percent of the buffer in nature
preserves) and Windfall Creek (25.79 percent). Based on these results, streams rating highest
for wetlands and high-quality natural areas include the Middle Fork, Salt Fork, and Windfall
Creek.
The greater proportion of wetlands, natural areas, and nature preserves within 300 m of the
stream again reflects the high environmental value of riparian areas and the utility of a GIS to
facilitate their management.
3. Analysis of Habitat by Tributary
The habitat ranking scores for ISIS, LUDA, NHAP, and TM data are presented in Tables 21-23.
Note that due to differences in the nature of the data, i.e., linear topology (ISIS) versus
cartographic representations (LUDA, NHAP, TM), rankings depicted in the tables and map
legends are not directly comparable. What they do show is the characterization of habitat
based on each data set relative to one another. Although not directly comparable, it is
heartening to note the consistency in ranking of the streams with high riparian habitat value
across all of the data sets. For instance, the Salt Fork, Middle Fork, Glenburn Creek, and
Knights Branch all rank high in forest guild habitat value regardless of the land-use data set
(Table 21).
a. Habitat Ratings by Guild for ISIS Data
Results of the mean value of 10 individual (six project investigators and four wildlife
biologists) assessments of wildlife ratings for each guild are shown in Tables 24-26. The mean
of all 10 ratings was chosen as the final rating because it would encompass 10 potentially
different views on the value of a land use for wildlife. In general, vegetation codes that
contained the habitat most similar to the guild in question rated the highest for that
particular guild. However, even at the guild level, rating wildlife value for an area involves
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Table 14. Pearson product moment correlation matrix of percent
forest land cover in LUDA, NHAP, and TM data sets
within each 300-m stream buffer (*P=<0.05,
**P=<.0.01, ***P=<0.001).
Data set LUDA NHAP
NHAP 0.73***
N 30
TM 0.78*** 0.82***
N 30 30
Table 15. Pearson product moment correlation matrix of percent
grassland land cover in LUDA, NHAP, and TM data
sets within each 300-m stream buffer. LUDA
reported no grassland in the study area (*P=<0.05,
**P=<.0.01, ***P=<0.001).
Data set LUDA NHAP
NHAP --
N 30
TM -- 0.76***
N 30 30
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Table 16. Pearson product moment correlation matrix of percent
mixed successional land cover in LUDA, NHAP, and
TM data sets within each 300-m stream buffer
(*P=<0.05, **P=<.0.01, ***P=<0.001).
Data set LUDA NHAP
NHAP -0.15
N 30
TM -0.15 0.57***
N 30 30
Table 17. Pearson product moment correlation matrix of percent
agricultural land cover in LUDA, NHAP, and TM
data sets within each 300-m stream buffer
(*P=<0.05, **P=<.0.01, ***P=<0.001).
Data set LUDA NHAP
NHAP 0.75***
N 30 -
TM 0.63*** 0.80***
N 30 30
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Table 18. Pearson product moment correlation matrix of percent
urban land cover in LUDA, NHAP, and TM data sets
within each 300-m stream buffer (*P=<0.05,
**P=<.0.01, ***P=<0.001).
Data set LUDA NHAP
NHAP 0.96*** -
N 30
TM 0.95*** 0.99***
N 30 30
Table 19. Pearson product moment correlation matrix of percent
water in LUDA, NHAP, and TM data sets within
each 300-m stream buffer (*P=<0.05, **P=<.0.01,
***P=<0.001).
Data set LUDA NHAP
NHAP
N
TM
0.92***
30
-0.06 -0.02
N 30 30
N 30 30
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Table 20. Percent of area contained within a 300-mrn buffer of wetlands, natural areas, and
nature preserves for each tributary in the Vermilion River basin.
Natural Nature
Tributary Wetlands areas preserves
Tributary code (%) (%) (%)
Salt Fork 7000000 14.71 0.75 0.00
Jordan Creek 7001000 0.66 0.00 0.00
Stoney Creek 7002000 2.32 0.35 0.00
Feather Creek 7002002 0.32 0.00 0.00
Stoney Creek Tributary 3 7002003 0.50 0.00 0.00
Stoney Creek Tributary 5 7002005 0.04 0.00 0.00
Olive Branch 7003000 2.21 0.00 0.00
Salt Fork Tributary 5 7005000 1.93 0.00 0.00
Salt Fork Tributary 7 7007000 0.91 0.00 0.00
Saline Branch Drainage Ditch 7009000 3.89 0.86 0.00
Saline Branch Tributary 1 7009001 0.44 0.00 0.00
Saline Branch Tributary 3 7009003 0.00 0.00 0.00
Spoon River 7010000 0.61 0.00 0.00
Spoon River Tributary 7010002 0.00 0.00 0.00
Upper Salt Fork Drainage Ditch 7011000 9.20 0.00 0.00
Union Drainage Ditch 7011001 0.04 0.00 0.00
Flatville Drainage Ditch 7011002 0.00 0.00 0.00
Upper Salt Fork Drainage
Ditch Tributary 7011003 0.70 0.00 0.00
Middle Fork Vermilion River 8000000 12.39 1.51 5.06
Glenbum Creek 8001000 10.50 0.00 0.00
Windfall Creek 8002000 11.28 0.02 25.8
Collison Branch 8002700 10.60 0.00 0.00
Knights Branch 8003000 1.40 0.00 0.00
Bean Creek 8004000 3.86 0.00 0.00
Bluegrass Creek 8006000 3.38 0.00 0.00
Buck Creek 8007000 1.76 0.00 0.00
Middle Fork Vermilion
River Tributary 8009000 0.30 0.00 0.00
Sugar Creek 8010000 1.31 0.00 0.00
Prairie Creek 8011000 0.80 0.00 0.00
Wall Town Drainage Ditch 8012000 0.66 0.00 0.00
Average for buffer (%) 5.15 0.43 - 1.42
Average for basin (%) 1.17 0.14 0.72
.52
Table 21. Forest habitat rating by tributary for ISIS, LUDA, NHAP, and TM data sets.
Tributary
Tributary code ISIS LUDA NHAP TM
Salt Fork 7000000 3.54 3.57 4.25 3.75
Jordan Creek 7001000 1.90 0.15 2.93 3.03
Stoney Creek 7002000 2.14 0.99 3.04 2.73
Feather Creek 7002002 1.39 0.15 1.43 0.96
Stoney Creek Tributary 3 7002003 1.15 0.15 0.15 0.15
Stoney Creek Tributary 5 7002005 1.17 0.15 0.15 0.15
Olive Branch 7003000 2.05 1.21 2.66 2.28
Salt Fork Tributary 5 7005000 1.41 0.15 2.01 0.90
Salt Fork Tributary 7 7007000 1.20 0.15 0.53 0.40
Saline Branch Drainage Ditch 7009000 2.06 1.71 2.69 2.49
Saline Branch Tributary 1 7009001 1.06 0.15 0.15 0.15
Saline Branch Tributary 3 7009003 1.06 0.15 0.15 0.15
Spoon River 7010000 1.76 0.15 0.59 0.48
Spoon River Tributary 7010002 1.39 0.15 0.48 0.16
Upper Salt Fork Drainage Ditch 7011000 1.16 0.15 0.60 0.44
Union Drainage Ditch 7011001 1.07 0.15 0.15 0.17
Flatville Drainage Ditch 7011002 1.06 0.15 0.15 0.15
Upper Salt Fork Drainage
Ditch Tributary 7011003 1.21 0.15 0.15 0.15
Middle Fork Vermilion River 8000000 2.85 3.09 4.04 3.53*.
Glenburn Creek 8001000 2.59 2.28 3.78 2.01*
Windfall Creek 8002000 1.49 2.74 3.60
Collison Branch 8002700 2.51 3.31 3.96 3.85
Knights Branch . 8003000 2.33 1.49 3.12 2.92
Bean Creek 8004000 1.90 2.32 4.12 3.82*
Bluegrass Creek 8006000 2.15 0.15 3.13 2.57
Buck Creek 8007000 1.25 0.15 2.28 2.17
Middle Fork Vermilion
River Tributary 8009000 1.06 0.15 1.34 0.67
Sugar Creek 8010000 1.49 0.15 1.72 1.57
Prairie Creek 8011000 1.34 0.15 1.76 1.70
Wall Town Drainage Ditch 8012000 1.29 0.15 1.56 1.53
*These streams are either not covered or are only partially represented by the TM dates,
accounting for some of the large discrepancies in habitat ranking.
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Table 22. Grassland habitat rating by tributary for ISIS, LUDA, NHAP, and TM data sets.
Tributary
Tributary code ISIS LUDA NHAP TM
Salt Fork 7000000 1.53 0.15 1.66 2.77
Jordan Creek 7001000 2.38 0.15 0.98 1.75
Stoney Creek 7002000 2.38 0.15 1.64 1.94
Feather Creek 7002002 2.83 0.15 2.39 2.59
Stoney Creek Tributary 3 7002003 3.07 0.15 0.15 0.18
Stoney Creek Tributary 5 7002005 2.84 0.15 0.15 0.43
Olive Branch 7003000 2.23 0.15 0.86 1.81
Salt Fork Tributary 5 7005000 2.89 0.15 0.15 1.87
Salt Fork Tributary 7 7007000 3.03 0.15 0.15 0.65
Saline Branch Drainage Ditch 7009000 2.62 0.15 1.75 1.24
Saline Branch Tributary 1 7009001 2.56 0.15 0.15 0.16
Saline Branch Tributary 3 7009003 3.00 0.15 0.15 0.17
Spoon River 7010000 2.28 0.15 0.43 0.65
Spoon River Tributary 7010002 2.68 0.15 0.15 1.81
Upper Salt Fork Drainage Ditch 7011000 3.04 0.15 1.98 1.69
Union Drainage Ditch 7011001 2.76 0.15 0.15 0.98
Flatville Drainage Ditch 7011002 2.59 0.15 0.15 0.78
Upper Salt Fork Drainage
Ditch Tributary 7011003 3.18 0.15 0.15 0.49
Middle Fork Vermilion River 8000000 1.90 0.15 0.72 2.48*
Glenbum Creek 8001000 2.35 0.15 0.41 2.06*
Windfall Creek 8002000 2.01 0.15 1.88 -- *
Collison Branch 8002700 1.98 0.15 2.98 3.43
Knights Branch 8003000 2.24 0.15 2.36 3.31
Bean Creek 8004000 2.57 0.15 0.15 2.52*
Bluegrass Creek 8006000 2.36 0.15 1.95 2.48
Buck Creek 8007000 2.78 0.15 0.15 2.15
Middle Fork Vermilion
River Tributary 8009000 3.00 0.15 0.15 2.13
Sugar Creek 8010000 2.66 0.15 0.15 1.18
Prairie Creek 8011000 2.78 0.15 0.15 1.30
Wall Town Drainage Ditch 8012000 2.90 0.15 0.15 1.14
*These streams are either not covered or are only partially represented by the TM dates,
accounting for some of the large discrepancies in habitat ranking.
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Table 23. Mixed successional habitat rating by tributary for ISIS, LUDA, NHAP, and TM
data sets.
Tributary
Tributary code ISIS LUDA NHAP TM
Salt Fork 7000000 2.47 0.15 1.39 3.09
Jordan Creek 7001000 1.77 0.15 2.34 2.82
Stoney Creek 7002000 2.00 0.65 2.99 3.10
Feather Creek 7002002 1.73 0.15 2.07 2.21
Stoney Creek Tributary 3 7002003 1.50 0.15 0.15 0.16
Stoney Creek Tributary 5 7002005 1.69 0.15 0.15 0.30
Olive Branch 7003000 1.89 0.81 2.10 2.36
Salt Fork Tributary 5 7005000 1.85 0.15 2.01 2.10
Salt Fork Tributary 7 7007000 1.49 2.10 0.36 0.63
Saline Branch Drainage Ditch 7009000 2.04 1.46 2.47 2.78
Saline Branch Tributary 1 7009001 1.30 0.15 0.15 0.16
Saline Branch Tributary 3 7009003 1.40 0.15 0.15 0.16
Spoon River 7010000 1.76 0.15 0.85 0.90
Spoon River Tributary 7010002 1.56 0.15 1.34 1.60
Upper Salt Fork Drainage Ditch 7011000 -1.49 0.15 1.50 1.31
Union Drainage Ditch 7011001 1.37 0.15 1.19 1.09
Flatville Drainage Ditch 7011002 1.31 0.15 0.15 0.51
Upper Salt Fork Drainage 7011003 1.63 0.15 0.15 0.33
Ditch Tributary
Middle Fork Vermilion River 8000000 2.20 2.41 2.03 2.83*
Glenburn Creek 8001000 2.33 1.67 2.48 2.67*
Windfall Creek 8002000 1.77 2.08 1.33
Collison Branch 8002700 2.14 2.61 3.03 3.15
Knights Branch 8003000 2.45 1.02 3.56 3.55
Bean Creek 8004000 1.94 1.70 0.15 2.81*
Bluegrass Creek 8006000 2.04 0.15 2.80 3.03
Buck Creek 8007000 1.88 0.15 2.78 2.66
Middle Fork Vermilion 8009000 1.40 0.15 2.52 2.39
River Tributary
Sugar Creek 8010000 1.70 0.15 2.38 2.37
Prairie Creek 8011000 1.57 0.15 2.25 2.21
Wall Town Drainage Ditch 8011000 1.57 0.15 2.25 2.21
*These streams are either not covered or are only partially represented by the TM dates,
accounting for some of the large discrepancies in habitat ranking.
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Table 5. Matrix of the proportion of streams in the DLG, NHAP, and
ISIS hydrology network data files contained within a 100-
foot buffer of streams for each respective data set.
Buffer covers (100 feet)
Stream DLG NHAP ISIS
files (%) (%) (%)
DLG 100- -
NHAP 68 100 --
ISIS 16 16 100
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The mean distances between the points for the three data sets (DLG, NHAP, ISIS) determined
using the "Near" command are given for stream intersections (Table 6) and headwaters (Table
7). The mean distance between the intersections for the DLG-NHAP overlay files was 253 feet;
less than half the distances for the combinations with the ISIS data (560 feet for ISIS and DLG
and 669 feet for NHAP and DLG). These results once again reflect the greater precision in
geographic coordinates for the higher resolution (DLG and NHAP) data. Further, these results
reflect the lack of spatial georeferencing associated with the Autocad-generated ISIS file and
emphasize the need to use the DLG data as the stream network when linking the ISIS tabular
data to the IGIS.
The information in Table 7 relates to the location of the headwaters for the finest resolvable
stream in the source photography. Many of the DLG streams extended beyond the point where
ISIS or NHAP had stopped (Figs. 4-5). This pattern is evident in the large difference in
distance between headwaters for DLG versus ISIS. This table is somewhat misleading in that
it implies NHAP and ISIS are more similar in distance between headwaters than is NHAP and
DLG. This, however, is not true. The NHAP data set takes into account tiling in that stream
segments are interrupted in sections and then continue on. This is reflected in the discontinuous
hydrology lines in some of the headwater streams in Figure 5. The "Near" command in Arc/Info
cannot recognize these stream breaks and subsequent continuations, it can only calculate the
stream nearest to the one in question. Therefore, Arc was calculating the stream break nearest
the ISIS headwater even though the NHAP stream often continued further on. These data do,
however, demonstrate the very restricted nature of the ISIS hydrology file and is to be
expected because only those streams with watershed areas greater than 10 square miles were
contained in the ISIS data base.
Overall, the DLG files were shown to represent the stream network more accurately, both in
terms of location and extent, than the data obtained from ISIS. This was expected given the
differences in scale. Because of the limitations of the 1:700,000 scale of the ISIS graphic file
(i.e. the high generalized representation of the stream system in the watershed), it was
eliminated from consideration as the file from which we would do further Arc processing. The
fact that the NHAP coverages are not digitized for the State precluded the use of this
information as the hydrologic base map for linking the ISIS tabular data to the IGIS.
Therefore, the DLG data were selected as the best source of hydrologic information for the
State. These data were used to represent the location of the streams and to generate a buffer of
300 m to emulate the attribute data carried in the ISIS bankside vegetation files (Fig. 6). This
buffer was also used to extract and analyze land cover data from the other data sets for
comparison with the descriptive data contained in ISIS.
2. Analysis of Land Cover by Data Source
We were interested to learn of the inherent differences and similarities among the data sets,
apart from the rankings for habitat value. In this section, we report on the proportions of each
tributary's 300-m buffer, as depicted by various data sets, contained in forest, grassland, mixed
successional, agricultural, urban, wetlands, and natural areas.
a. Assessment of LUDA, NHAP, and TM Data Sets
The land-cover percentages for LUDA, NHAP, and TM for each stream tributary, the average
for the 300-m buffer, and the average for the entire basin are presented in Tables 8-13.
The entire Vermilion River basin was covered by the LUDA data. The Level II LUDA
classification used in assessing the land cover for this data set did not differentiate grassland
from the other land-cover types. The other land-cover categories are listed in Table 2. For the
entire basin, the percentage of each land cover was: forest (2.03 percent), mixed successional (0.1
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Table 6. Mean distance in feet between stream intersections or
confluences for combinations of ISIS, NHAP, and USGS
1:100,000 DLG data sets.
ISIS x DLG DLG x NHAP
NHAP x ISIS
(feet) (feet) (feet)
560 253 669
Table 7. Mean distance in feet between stream headwater locations for
combinations of the ISIS graphic data and the NHAP and
DLG data.
ISIS x DLG DLG x NHAP
NHAP x ISIS
(feet) (feet) (feet)
4,525 6,156 2,812
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Table 8. Forest percentages by tributary for LUDA, NHAP, and TM data sets.
LUDA NHAP TM
Tributary (%) (%) (%)
7000000
7001000
7002000
7002002
7002003
7002005
7003000
7005000
7007000
7009000
7009001
7009003
7010000
7010002
7011000
7011001
7011002
7011003
8000000
8001000
8002000
8002700
8003000
8004000
8006000
8007000
8009000
8010000
8011000
8012000
Average for buffer (%)
Average for basin (%)
22.55
0.00
1.17
0.00
0.00
0.00
1.67
0.00
0.00
3.23
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
14.12
6.16
9.91
17.42
2.45
6.40
0.00
0.00
0.00
0.00
0.00
0.00
5.98
2.03
43.12
12.00
13.44
2.24
0.00
0.00
9.17
4.57
0.42
9.42
0.00
0.00
0.50
0.35
0.52
0.00
0.00
0.00
35.14
27.61
23.05
32.80
14.53
38.18
14.65
6.17
2.01
3.24
3.43
2.67
15.58
4.19
26.82
13.29
9.85
1.11
0.00
0.00
6.11
0.99
0.26
7.67
0.00
0.00
0.36
0.01
0.31
0.02
0.00
0.00
21.55**
4.59**
0.00*
29.34
11.84
28.57**
8.36
5.44
0.61
.2.72
3.19
2.57
9.40
1.70
*TM data do not cover stream.
**TM data cover only part of stream in highly agricultural portion.
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Table 9. Grassland percentages by tributary for LUDA, NHAP, and TM data sets.
LUDA NHAP TM
Tributary (%) (%) (%)
7000000
7001000
7002000
7002002
7002003
7002005
7003000
7005000
7007000
7009000
7009001
7009003
7010000
7010002
7011000
7011001
7011002
7011003
8000000
8001000
8002000
8002700
8003000
8004000
8006000
8007000
8009000
8010000
8011000
8012000
Average for buffer (%)
Average for basin (%)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0000
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.01
1.16
2.96
6.91
0.00
0.00
0.93
0.00
0.00
3.40
0.00
0.00
0.30
0.00
4.43
0.00
0.00
0.00
0.72
0.28
3.95
12.61
6.68
0.00
4.26
0.00
0.00
0.00
0.00
0.00
1.71
0.53
10.25
3.36
4.23
8.50
0.03
0.30
3.64
3.90
0.59
1.73
0.01
0.02
0.59
3.64
3.16
1.16
0.80
0.36
7.58**
4.86**
0.00*
19.59
17.48
7.94**
7.57
5.32
5.19
1.59
1.88
1.50
4.72
1.90
*TM data do not cover stream.
**TM data cover only part of stream in highly agricultural portion.
42
Table 10. Mixed successional percentages by tributary for LUDA, NHAP, and TM data sets.
LUDA NHAP TM
Tributary (%) (%) (%)
7000000
7001000
7002000
7002002
7002003
7002005
7003000
7005000
7007000
7009000
7009001
7009003
7010000
7010002
7011000
7011001
7011002
7011003
8000000
8001000
8002000
8002700
8003000
8004000
8006000
8007000
8009000
8010000
8011000
8012000
Average for buffer (%)
Average for basin (%)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.05
0.73
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.16
0.11
0.64
0.00
4.53
0.33
0.00
0.00
0.00
2.26
0.00
1.07
0.00
0.00
0.51
1.82
0.00
1.61
0.00
0.00
4.32
7.44
0.00
6.93
11.57
0.00
1.11
7.20
6.93
5.20
4.25
1.62
2.27
0.75
8.90
2.48
7.12
0.88
0.00
0.00
1.79
2.62
0.14
5.63
0.00
0.00
0.52
1.00
0.18
0.78
0.00
0.00
7.05**
4.56**
0.00*
5.08
7.46
6.63**
5.35
3.73
4.04
4.60
3.18
1.18
3.95
1.20
*TM data do not cover stream.
**TM data cover only part of stream in highly agricultural portion.
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Table 11. Agricultural percentages by tributary for LUDA, NHAP, and TM data sets.
LUDA NHAP TM
Tributary (%) (%) (%)
7000000
7001000
7002000
7002002
7002003
7002005
7003000
7005000
7007000
7009000
7009001
7009003
7010000
7010002
7011000
7011001
7011002
7011003
8000000
8001000
8002000
8002700
8003000
8004000
8006000
8007000
8009000
8010000
8011000
8012000
Average for buffer (%)
Average for basin (%)
75.20
99.33
97.24
98.68
97.03
100.00
98.33
100.00
94.76
79.67
94.54
99.61
99.62
100.00
96.48
100.00
97.86
80.28
81.12
93.84
86.73
80.96
97.55
93.60
97.01
99.19
100.00
100.00
100.00
100.00
90.49
94.20.
50.12
86.07
75.67
90.37
97.31
100.00
89.90
93.17
99.16
73.77
99.03
100.00
98.43
97.42
93.32
98.37
99.07
79.60
57.43
63.91
65.41
45.55
67.13
61.01
77.30
84.69
91.06
91.53
92.32
95.64
77.69
91.00
52.22
79.74
76.92
89.38
96.89
99.63
88.45
92.49
98.86
73.17
99.18
99.98
98.46
94.92
91.71
98.01
98.24
79.17
62.79**
85.07**
0.00*
43.73
63.18
56.65**
76.06
83.59
90.16
90.04
91.74
94.69
79.48
91.90
*TM data do not cover stream.
**TM data cover only part of stream in highly agricultural portion.
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Table 12. Urban percentages by tributary for LUDA, NHAP, and TM data sets.
LUDA NHAP TM
Tributary (%) (%) (%)
7000000
7001000
7002000
7002002
7002003
7002005
7003000
7005000
7007000
7009000
7009001
7009003
7010000
7010002
7011000
7011001
7011002
7011003
8000000
8001000
8002000
8002700
8003000.
8004000
8006000
8007000
8009000
8010000
8011000
8012000
Average for buffer (%)
Average for basin (%)
2.15
0.67
1.59
1.32
2.97
0.00
0.00
0.00
0.19
15.73
5.46
0.39
0.00
0.00
3.39
0.00
2.14
19.72
0.70
0.00
0.00
1.62
0.00
0.00
2.99
0.81
0.00
0.00
0.00
0.00
2.48
3.10
1.39
0.77
1.58
0.00
2.25
0.00
0.00
0.00
0.16
11.72
0.37
0.00
0.26
0.41
1.28
0.02
0.93
20.40
0.53
0.63
0.00
2.04
0.00
0.00
2.54
1.94
0.00
0.00
0.00
0.00
1.89
2.92
1.53
1.14
1.53
0.00
2.24
0.00
0.00
0.00
0.12
10.79
0.37
.0.00
0.00
0.42
3.65
0.03
0.96
20.47
0.61**
0.93**
0.00*
2.21
0.00
0.00*
2.52
1.91
0.00
0.00
0.00
0.00
2.11
3.00
*TM data do not cover stream.
**TM data cover only part of stream in highly agricultural portion.
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Table 13. Water percentages by tributary for LUDA, NHAP, and TM data sets.
LUDA NHAP TM
Tributary (%) (%) (%)
7000000
7001000
7002000
7002002
7002003
7002005
7003000
7005000
7007000
7009000
7009001
7009003
7010000
7010002
7011000
7011001
7011002
7011003
8000000
8001000
8002000
8002700
8003000
8004000
8006000
8007000
8009000
8010000
8011000
8012000
Average for buffer (%)
Average for basin (%)
0.11
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.44
0.00
3.36
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.32
0.12
1.19
0.00
0.98
0.15
0.44
0.00
0.00
0.00
0.00
0.63
0.61
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.04
0.14
7.58
0.08
0.09
0.81
0.14
0.00
0.00
0.02
0.00
0.06
0.58
0.20
0.28
0.00
0.35
0.13
0.84
0.07
0.01
0.00
0.02
1.00
0.43
0.00
0.07
0.00
1.00
0.00
0.00
0.00
0.41**
0.00**
0.00*
0.05
0.03
0.20**
0.13
0.00
0.00
1.05
0.00
0.06
0.33
0.40
*TM data do not cover stream.
**TM data cover only part of stream in highly agricultural portion.
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percent), agriculture (94.2 percent), urban (3.1 percent), and water (0.12 percent). For various
tributaries within the 300-m buffer for LUDA data, forest ranged from 0 to 22.5 percent, 0 to 5.05
percent for mixed successional, 75.2 to 100 percent for agriculture, 0 to 19.72 percent for urban, and
0 to 3.36 percent for water.
The NHAP data set used the Level III classification as shown in Table 2. For the entire basin,
land-cover percentages were: forest (4.19 percent), grassland (0.53 percent), mixed successional
(0.75 percent), agriculture (91 percent), urban (2.92 percent), and water (0.2 percent) within the
300-m stream buffer for NHAP data. Among streams in the basin, land-cover percentage ranges
were: forest (0 to 43.12 percent), grassland (0 to 12.61 percent), mixed successional (0 to 11.57
percent), agriculture (45.55 to 100 percent), urban (0 to 20.4 percent), and water (0 to 7.58
percent).
The unsupervised clustering of the Landsat TM data resulted in 37 clusters in the forest and
grassland strata and 75 clusters in the agricultural strata. During evaluation of these clusters,
it was determined that due to problems of haze in the raw data, many agricultural areas were
as highly reflectant as urban areas and were therefore spectrally confused. For this reason,
urban areas as mapped in the NHAP data were merged into the TM data and used exclusively
to represent the urban class. Other classes mapped were forest, grassland, mixed successional,
agricultural, and water. These classes were selected to resemble as closely as possible the
merged land-cover types used to assess wildlife habitat parameters in the ISIS, NHAP, and
LUDA data sets.
For the entire TM study area (minus the 8 percent not covered by the TM data), the land-cover
percentages were: forest (1.7 percent), grassland (1.9 percent), mixed successional (1.2 percent),
agriculture (91.9 percent), urban (3 percent), and water (0.4 percent). Forest in the stream buffers
for the TM data ranged from 0 to 29.3 percent, 0 to 19.6 percent for grassland, 0 to 8.9 percent for
mixed successional, 0 to 99.98 percent for agriculture, 0 to 20.5 percent for urban, and 0 to 1.1
percent for water.
Overall, trends for the LUDA, NHAP, and TM data sets show that the percent of forest,
grassland, and mixed successional land cover were higher in the buffer than in the basin as a
whole (Tables 8-10). Not surprisingly, the reverse was true for agricultural and urban areas
(Tables 11, ,12). The percentage of water in the buffer was higher than the total basin for
LUDA and NHAP data, but was slightly lower for the TM data (Table 13). The substantially
higher proportion of forest, grassland, and mixed successional habitat within 300 m of the
streams reflects the importance of riparian zones to wildlife in Illinois and the obvious need for
geographic information to manage these valuable resources.
The greater percentage of forest in the NHAP and Tm coverages relative to the LUDA coverage
can be attributed to the greater resolution of the NHAP and TM data and to the fact that a
high proportion of the forested vegetation in the Vermilion basin is in the form of small
patches. Many of these patches are smaller than the spatial resolution capabilities of the
LUDA data. Thus, very small habitat patches will be lost or unaccounted for using coarser
resolution data. The importance of such small habitat patches to wildlife is, of course, species
dependent. The TM data had somewhat higher proportions of grassland and mixed
successional land cover and lower proportions of forest than did the NHAP coverages (Tables 8-
10). These differences can be attributed to the manner in which land cover Was interpreted and
coded rather than differences in resolution (Table 9).
The correlation among land-cover categories for the LUDA, NHAP, and TM data sets was
determined using a Pearson product moment correlation. The percent of forested, agricultural,
and urban land-cover types were highly similar for all three data sets, as indicated by the
highly significant correlations among the three data sets (Tables 14, 17,18). In other words, as
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the percent of forest increased in LUDA, it also increased in NHAP and TM. The same was true
for the grassland category, for NHAP and TM data sets; LUDA did not have a grassland
category, so no correlation value was given (Table 15). For the mixed successional land-cover
category, NHAP and TM data sets were significantly correlated, while the LUDA data set did
not correlate to NHAP or TM (Table 16). The lack of a significant correlation between LUDA
and the other data sets can be attributed to the fact that the mixed successional land-cover
category occurred along only two stream reaches in the LUDA coverage. This same category
was substantially more prevalent in the NHAP and TM data sets. The percentages of water
were correlated only for LUDA and NHAP (Table 19). When vegetation overhangs water
bodies, such as trees over streams, the ability of TM, operating on a 30 m x 30 m spatial
resolution, to separate water from vegetation is poor as compared to analysis of aerial
photographs (NHAP and LUDA).
b. Assessment of NWI and NAI Data Sets
A greater percentage of wetlands, natural areas, and nature preserves are contained within the
300-m buffer of each stream tributary than are contained in the basin as a whole;
proportionately four times as many wetlands, three times as much natural area, and two times
as much nature preserve are found within the buffer as is found in the basin overall (Table 20).
This illustrates that for the Vermilion River basin, the most valuable sources for high-quality
habitat for wildlife are along stream riparian zones. Streams that have the largest percentage
of wetlands are the Salt Fork (with 14.7 percent of its buffer area contained in wetlands),
Middle Fork (12.4 percent), and Windfall Creek (11.3 percent). Streams that contain the most
natural areas are the Middle Fork (1.5 percent of the buffer area in natural areas), the Saline
Branch Drainage Ditch (0.86 percent), and the Salt Fork (0.75 percent). Nature preserves are
found along only two streams, the Middle Fork (with 5.06 percent of the buffer in nature
preserves) and Windfall Creek (25.79 percent). Based on these results, streams rating highest
for wetlands and high-quality natural areas include the Middle Fork, Salt Fork, and Windfall
Creek.
The greater proportion of wetlands, natural areas, and nature preserves within 300 m of the
stream again reflects the high environmental value of riparian areas and the utility of a GIS to
facilitate their management.
3. Analysis of Habitat by Tributary
The habitat ranking scores for ISIS, LUDA, NHAP, and TM data are presented in Tables 21-23.
Note that due to differences in the nature of the data, i.e., linear topology (ISIS) versus
cartographic representations (LUDA, NHAP, TM), rankings depicted in the tables and map
legends are not directly comparable. What they do show is the characterization of habitat
based on each data set relative to one another. Although not directly comparable, it is
heartening to note the consistency in ranking of the streams with high riparian habitat value
across all of the data sets. For instance, the Salt Fork, Middle Fork, Glenburn Creek, and
Knights Branch all rank high in forest guild habitat value regardless of the land-use data set
(Table 21).
a. Habitat Ratings by Guild for ISIS Data
Results of the mean value of 10 individual (six project investigators and four wildlife
biologists) assessments of wildlife ratings for each guild are shown in Tables 24-26. The mean
of all 10 ratings was chosen as the final rating because it would encompass 10 potentially
different views on the value of a land use for wildlife. In general, vegetation codes that
contained the habitat most similar to the guild in question rated the highest for that
particular guild. However, even at the guild level, rating wildlife value for an area involves
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Table 14. Pearson product moment correlation matrix of percent
forest land cover in LUDA, NHAP, and TM data sets
within each 300-m stream buffer (*P=<0.05,
**P=<.0.01, ***P=<0.001).
Data set LUDA NHAP
NHAP 0.73*** --
N 30
TM 0..78*** 0.82***
N 30 30
Table 15. Pearson product moment correlation matrix of percent
grassland land cover in LUDA, NHAP, and TM data
sets within each 300-m stream buffer. LUDA
reported no grassland in the study area (*P=<0.05,
**P=<.0.01, ***P=<0.001).
Data set LUDA NHAP
NHAP --
N 30
TM -- 0.76***
N 30 30
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Table 16. Pearson product moment correlation matrix of percent
mixed successional land cover in LUDA, NHAP, and
TM data sets within each 300-m stream buffer
(*P=<0.05, **P=<.0.01, ***P=<0.001).
Data set LUDA NHAP
NHAP -0.15
N 30 -
TM -0.15 0.57***
N 30 30
Table 17. Pearson product moment correlation matrix of percent
agricultural land cover in LUDA, NHAP, and TM
data sets within each 300-m stream buffer
(*P=<0.05, **P=<.0.01, ***P=<0.001).
Data set LUDA NHAP
NHAP 0.75*** --
N 30
TM 0.63*** 0.80***
N 30 30
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Table 18. Pearson product moment correlation matrix of percent
urban land cover in LUDA, NHAP, and TM data sets
within each 300-m stream buffer (*P=<0.05,
**P=<.0.01, ***P=<0.001).
Data set LUDA NHAP
NHAP 0.96***
N 30
TM 0.95*** 0.99***
N 30 30
Table 19. Pearson product moment correlation matrix of percent
water in LUDA, NHAP, and TM data sets within
each 300-m stream buffer (*P=<0.05, **P=<.0.01,
***P=<0.001).
Data set LUDA NHAP
NHAP 0.92***
N 30
TM -0.06 -0.02
N 30 30
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Table 20. Percent of area contained within a 300-m buffer of wetlands, natural areas, and
nature preserves for each tributary in the Vermilion River basin.
Natural Nature
Tributary Wetlands areas preserves
Tributary code (%) (%) (%)
Salt Fork 7000000 14.71 0.75 0.00
Jordan Creek 7001000 0.66 0.00 0.00
Stoney Creek 7002000 2.32 0.35 0.00
Feather Creek 7002002 0.32 0.00 0.00
Stoney Creek Tributary 3 7002003 0.50 0.00 0.00
Stoney Creek Tributary 5 7002005 0.04 0.00 0.00
Olive Branch 7003000 2.21 0.00 0.00
Salt Fork Tributary 5 7005000 1.93 0.00 0.00
Salt Fork Tributary 7 7007000 0.91 0.00 0.00
Saline Branch Drainage Ditch 7009000 3.89 0.86 0.00
Saline Branch Tributary 1 7009001 0.44 0.00 0.00
Saline Branch Tributary 3 7009003 0.00 0.00 0.00
Spoon River 7010000 0.61 0.00 0.00
Spoon River Tributary 7010002 0.00 0.00 0.00
Upper Salt Fork Drainage Ditch 7011000 9.20 0.00 0.00
Union Drainage Ditch 7011001 0.04 0.00 0.00
Flatville Drainage Ditch 7011002 0.00 0.00 0.00
Upper Salt Fork Drainage
Ditch Tributary 7011003 0.70 0.00 0.00
Middle Fork Vermilion River 8000000 12.39 1.51 5.06
Glenbum Creek 8001000 10.50 0.00 0.00
Windfall Creek 8002000 11.28 0.02 25.8
Collison Branch 8002700 10.60 0.00 0.00
Knights Branch 8003000 1.40 0.00 0.00
Bean Creek 8004000 3.86 0.00 0.00
Bluegrass Creek 8006000 3.38 0.00 0.00
Buck Creek 8007000 1.76 0.00 0.00
Middle Fork Vermilion
River Tributary 8009000 0.30 0.00 0.00
Sugar Creek 8010000 1.31 0.00 0.00
Prairie Creek 8011000 0.80 0.00 0.00
Wall Town Drainage Ditch 8012000 0.66 0.00 0.00
Average for buffer (%) 5.15 0.43 1.42
Average for basin (%) 1.17 0.14 0.72
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Table 21. Forest habitat rating by tributary for ISIS, LUDA, NHAP, and TM data sets.
Tributary
Tributary code ISIS LUDA NHAP TM
Salt Fork 7000000 3.54 3.57 4.25 3.75
Jordan Creek 7001000 1.90 0.15 2.93 3.03
Stoney Creek 7002000 2.14 0.99 3.04 2.73
Feather Creek 7002002 1.39 0.15 1.43 0.96
Stoney Creek Tributary 3 7002003 1.15 0.15 0.15 0.15
Stoney Creek Tributary 5 7002005 1.17 0.15 0.15 0.15
Olive Branch 7003000 2.05 1.21 2.66 2.28
Salt Fork Tributary 5 7005000 1.41 0.15 2.01 0.90
Salt Fork Tributary 7 7007000 1.20 0.15 0.53 0.40
Saline Branch Drainage Ditch 7009000 2.06 1.71 2.69 2.49
Saline Branch Tributary 1 7009001 1.06 0.15 0.15 0.15
Saline Branch Tributary 3 7009003 1.06 0.15 0.15 0.15
Spoon River 7010000 1.76 0.15 0.59 0.48
Spoon River Tributary 7010002 1.39 0.15 0.48 0.16
Upper Salt Fork Drainage Ditch 7011000 1.16 0.15 0.60 0.44
Union Drainage Ditch 7011001 1.07 0.15 0.15 0.17
Flatville Drainage Ditch 7011002 1.06 0.15 0.15 0.15
Upper Salt Fork Drainage
Ditch Tributary 7011003 1.21 0.15 0.15 0.15
Middle Fork Vermilion River 8000000 2.85 3.09 4.04 3.53*
Glenburn Creek 8001000 2.59 2.28 3.78 2.01*
Windfall Creek 8002000 1.49 2.74 3.60. - - *
Collison Branch 8002700 2.51 3.31 3.96 3.85
Knights Branch 8003000 2.33 1.49 3.12 2.92
Bean Creek 8004000 1.90 2.32 4.12 3.82*
Bluegrass Creek 8006000 2.15 0.15 3.13 2.57
Buck Creek 8007000 1.25 0.15 2.28 2.17
Middle Fork Vermilion
River Tributary 8009000 1.06 0.15 1.34 0.67
Sugar Creek 8010000 1.49 0.15 1.72 1.57
Prairie Creek 8011000 1.34 0.15 1.76 1.70
Wall Town Drainage Ditch 8012000 1.29 0.15 1.56 1.53
*These streams are either not covered or are only partially represented by the TM dates,
accounting for some of the large discrepancies in habitat ranking.
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Table 22. Grassland habitat rating by tributary for ISIS, LUDA, NHAP, and TM data sets.
Tributary
Tributary code ISIS LUDA NHAP TM
Salt Fork 7000000 1.53 0.15 1.66 2.77
Jordan Creek 7001000 2.38 0.15 0.98 1.75
Stoney Creek 7002000 2.38 0.15 1.64 1.94
Feather Creek 7002002 2.83 0.15 2.39 2.59
Stoney Creek Tributary 3 7002003 3.07 0.15 0.15 0.18
Stoney Creek Tributary 5 7002005 2.84 0.15 0.15 0.43
Olive Branch 7003000 2.23 0.15 0.86 1.81
Salt Fork Tributary 5 7005000 2.89 0.15 0.15 1.87
Salt Fork Tributary 7 7007000 3.03 0.15 0.15 0.65
Saline Branch Drainage Ditch 7009000 2.62 0.15 1.75 1.24
Saline Branch Tributary 1 7009001 2.56 0.15 0.15 0.16
Saline Branch Tributary 3 7009003 3.00 0.15 0.15 0.17
Spoon River 7010000 2.28 0.15 0.43 0.65
Spoon River Tributary 7010002 2.68 0.15 0.15 1.81
Upper Salt Fork Drainage Ditch 7011000 3.04 0.15 1.98 1.69
Union Drainage Ditch 7011001 2.76 0.15 0.15 0.98
Flatville Drainage Ditch 7011002 2.59 0.15 0.15 0.78
Upper Salt Fork Drainage
Ditch Tributary 7011003 3.18 0.15 0.15 0.49
Middle Fork Vermilion River 8000000 1.90 0.15 0.72 2.48*
Glenburn Creek 8001000 2.35 0.15 0.41 2.06*
Windfall Creek 8002000 2.01 0.15 1.88 -- *
Collison Branch 8002700 1.98 0.15 2.98 3.43
Knights Branch 8003000 2.24 0.15 2.36 3.31
Bean Creek 8004000 2.57 0.15 0.15 2.52*
Bluegrass Creek 8006000 2.36 0.15 1.95 2.48
Buck Creek 8007000 2.78 0.15 0.15 2.15
Middle Fork Vermilion
River Tributary 8009000 3.00 0.15 0.15 2.13
Sugar Creek 8010000 2.66 0.15 0.15 1.18
Prairie Creek 8011000 2.78 0.15 0.15 1.30
Wall Town Drainage Ditch 8012000 2.90 0.15 0.15 1.14
*These streams are either not covered or are only partially represented by the TM dates,
accounting for some of the large discrepancies in habitat ranking.
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Table 23. Mixed successional habitat rating by tributary for ISIS, LUDA, NHAP, and TM
data sets.
Tributary
Tributary code ISIS LUDA NHAP TM
Salt Fork 7000000 2.47 0.15 1.39 3.09
Jordan Creek 7001000 1.77 0.15 2.34 2.82
Stoney Creek 7002000 2.00 0.65 2.99 3.10
Feather Creek 7002002 1.73 0.15 2.07 2.21
Stoney Creek Tributary 3 7002003 1.50 0.15 0.15 0.16
Stoney Creek Tributary 5 7002005 1.69 0.15 0.15 0.30
Olive Branch 7003000 1.89 0.81 2.10 2.36
Salt Fork Tributary 5 7005000 1.85 0.15 2.01 2.10
Salt Fork Tributary 7 7007000 1.49 2.10 0.36 0.63
Saline Branch Drainage Ditch 7009000 2.04 1.46 2.47 2.78
Saline Branch Tributary 1 7009001 1.30 0.15 0.15 0.16
Saline Branch Tributary 3 7009003 1.40 0.15 0.15 0.16
Spoon River , 7010000 1.76 0.15 0.85 0.90
Spoon River Tributary 7010002 1.56 0.15 1.34 1.60
Upper Salt Fork Drainage Ditch 7011000 1.49 0.15 1.50 1.31
Union Drainage Ditch 7011001 1.37 0.15 1.19 1.09
Flatville Drainage Ditch 7011002 1.31 0.15 0.15 0.51
Upper Salt Fork Drainage 7011003 1.63 0.15 0.15 0.33
Ditch Tributary
Middle Fork Vermilion River 8000000 2.20 2.41 2.03 2.83*
Glenbum Creek 8001000 2.33 1.67 2.48 2.67*
Windfall Creek 8002000 1.77 2.08 1.33
Collison Branch 8002700 2.14 2.61 3.03 3.15
Knights Branch 8003000 2.45 1.02 3.56 3.55
Bean Creek 8004000 1.94 1.70 0.15 2.81*
Bluegrass Creek 8006000 2.04 0.15 2.80 3.03
Buck Creek 8007000 1.88 0.15 2.78 2.66
Middle Fork Vermilion 8009000 1.40 0.15 2.52 2.39
River Tributary
Sugar Creek 8010000 1.70 0.15 2.38 2.37
Prairie Creek 8011000 1.57 0.15 2.25 2.21
Wall Town Drainage Ditch 8011000 1.57 0.15 2.25 2.21
*These streams are either not covered or are only partially represented by the TM dates,
accounting for some of the large discrepancies in habitat ranking.
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several factors that vary in importance depending upon the species in question. Some of these
factors include:
1. For a wildlife species living in the forest, is a large forest block more or less important than
forest adjacent to the stream?
2. What is the definition of a closed forest, i.e., is it >45 percent canopy cover, >70 percent
canopy cover, or some other percentage cover?
3. What are the urban areas like, i.e., are there trees and shrubs capable of supporting
wildlife species so that it is similar to a mixed successional habitat?
4. What agricultural crops are planted, and what are the chemical practices being used?
5. What are other disturbance factors (e.g., traffic, noise, etc.)?
Our results have tried to account for the many difficulties in rating the value of an area for
wildlife habitat and to provide a useful index for managers and other researchers.
Nonetheless, it must be remembered that these data and the scoring system are based on the
best estimates and experiences of the ecologists involved. The more information available on
specific habitat requirements of a target species, the more accurate a relationship can be
developed between the land-cover data and habitat quality.
The aggregate habitat rankings per stream for the 30 tributaries in the Vermilion basin (based
on the total land use of the tributary) and for the three guilds are depicted for the ISIS data in
Tables 21-23 and Figures 10-12. For the forest guild, the Salt Fork received the highest rating
(3.54), followed by the Middle Fork (2.85). All of the other streams had a rating of 2.59 or less
(from a possible 5). For the grassland guild, a total of six tributaries (mainly off from the Salt
Fork code starting with a stream code of 7) rated 3 or higher. Eleven other streams had ratings
between 2.51 and 3 (out of a possible 5). Habitat ratings for the mixed successional guild were
relatively low. All streams had ratings of 2.5 or lower out of a possible 5. The streams that
had the highest ratings were the Salt Fork (2.47), Knights Creek (2.45), Glenburn Creek (2.33),
and the Middle Fork (2.20).
b. Habitat Rating by Guild for LUDA, NHAP, and TM Data
The habitat ranking scores for LUDA, NHAP, and TM data are also presented in Tables 21-23.
Table 21 presents stream ratings for the forest guild, Table 22 shows grassland, and Table 23
shows mixed successional. Actual values presented in this and the next two sections refer to the
stream ratings for the forest (Table 21), grassland (Table 22), and mixed successional (Table 23)
guilds. The forest guild for the LUDA data set ranks the Salt Fork the highest (3.57), followed
by Collison Branch (3.31) and the Middle Fork (3.09). The rest of the streams had ratings below
2.8. The grassland guild was not rated due to lack of data. Streams with the highest rating for
the mixed successional guild were Collison Branch (2.61) and the Middle Fork (2.41). All other
streams had ratings of 2.10 or lower.
The forest guild for the NHAP data set rates the Salt Fork at 4.25, Bean Creek at 4.12, and
Middle Fork at 4.04. All other streams had ratings below 4. The grassland guild listed
Collison Branch as having the highest rating (2.98), followed by Feather Creek (2.39) and
Knights Branch (2.36). All other streams had ratings below 2. The mixed successional guild
rated Knights Branch at 3.56 and Collison Branch at 3.03. All other stream ratings were lower
than 3.
\Figure 10. Wildlife habitat ratings for forest species based on ISIS data.
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Figure 11. Wildlife habitat ratings for grassland species based on ISIS data.
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Figure 12. Wildlife habitat ratings for mixed species based on ISIS data.
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The TM data set is incomplete because it only partially covers the Middle Fork, Glenburn
Creek, and Bean Creek, and does not cover Windfall Creek at all. This needs to be considered in
the following discussions of stream habitat ratings based on the TM data set.
The TM data set listed the top-rated stream for the forest guild as Collison Branch (3.85),
followed by Bean Creek (3.82), Salt Fork (3.75) and Middle Fork (3.53). All other streams were
rated 3 or lower. The top two streams in the grassland guild were Collison Branch (3.43) and
Knights Branch (3.31). The other streams were lower than 3. The mixed successional guild
rated Knights Branch the highest (3.55), followed by Collison Branch (3.15), and Stoney Creek
(3.10). These top three streams match those rated highest for the NHAP data set with respect
to habitat for mixed successional species.
c. Comparison, Mapping, and Analysis of ISIS, LUDA, NHAP, and TM Data Sets
Visual representations of each data set's habitat ratings by guild for each of 30 tributaries are
presented in Figures 13-21. For the forest guild, ratings were fairly similar among the four data
sets, with NHAP data rating streams slightly higher (Figs. 13, 16, 19; Table 21). The Middle
Fork (2.85 to 4.04), Salt Fork (3.54 to 4.25), and Collison Branch (2.51 to 3.96) consistently
received among the highest values. Many of the remaining streams had much lower ratings. In
general, the higher quality forest habitat was restricted to a few streams, those being the
larger, high-order streams. There was generally a good correspondence among data sets for
their ratings, especially when one considers that the lowest rating possible for ISIS was 1.0
while the lowest rating possible on the other data sets was 0.15. The prominence of the 0.15
rating for streams with LUDA data elucidates the coarse resolution of the data and the
subsequent unsatisfactory results obtained.
Contrary to the habitat ratings for forest species, the grassland habitats tended to be highest
on the smaller streams (Figs. 14, 17, 20; Table 22). Due to difficulty in the ability of the NHAP
data sets to clearly distinguish grassland from mixed successional habitats, streams received
generally lower habitat ratings for NHAP compared to the ISIS and TM data sets. The highest
NHAP stream rating was 2.98 for Collison Branch. All LUDA stream values for grassland were
0.15 because LUDA had essentially no grassland identified; thus a value of 0 area entered
equation (1) and the output was 0.15. Stream ratings for grassland species varied between the
ISIS and TM data sets. TM rated Collison Branch, Knights Branch, and the Salt Fork as the
highest with ratings of 3.43, 3.31, and 2.77, respectively. With ISIS data, the'Upper Salt Fork
Drainage Ditch Tributary (3.18), Stoney Creek Tributary 3 (3.07), and Upper Salt Fork
Drainage Ditch (3.04) were rated the highest. Apparently, the exceptionally high resolution
of the photography used as a basis for the ISIS data picked up small grassland strips near the
small streams that were not visible in any other data set, including TM. Overall, habitat
ratings for grassland species in the Vermilion River basin were quite low.
For the mixed successional guild, ratings were varied over the four data sets, with streams
generally being rated higher according to the TM data set (Figs. 15, 18, 21; Table 23). With the
ISIS data set, the stream with the highest rating was the Salt Fork with a value of 2.47. The
LUDA data set rated Collison Branch (2.61) and the Middle Fork (2.41) the highest. Several
streams, including the Salt Fork, had zero ratings from LUDA data (which by default equalled
0.15). The NHAP data set rated Knights Branch (3.56) and Collison Branch (3.03) the highest.
It also had several streams rated between 2.25 and 3; the Middle Fork was rated 2.52 and the
Salt Fork 1.39. Other streams rating fairly high were Collison Branch (3.03), Stoney Creek
(2.99), and Bluegrass Creek (3.03). The TM data again rated Knights Branch (3.55), followed
by Collison Branch (3.15), as the highest rated streams for mixed successional habitats. The
Salt Fork rated much higher than in the NHAP data set with a rating of 3.09.
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Figure 13. Wildlife habitat ratings for forest species based on LUDA data.
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Figure 14. Wildlife habitat ratings for grassland species based on LUDA data.
Figure 15. Wildlife habitat ratings for mixed species based on LUDA data.
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Figure 18. Wildlife habitat ratings for mixed species based on NHAP data.
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Figure 19. Wildlife habitat ratings for forest species based on TM data.
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Figure 20. Wildlife habitat ratings for grassland species based on TM data.
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From analysis of these four data sets, it can be seen that the streams with the best potential
overall wildlife habitat include the Salt Fork, Middle Fork, Collison Branch, Knights Branch,
and Bean Creek. It can also be seen that, due to inadequate spatial resolution (especially with
LUDA) and inconsistent classification into mixed successional and grassland vegetation classes,
the wildlife habitat ratings for those classes were more varied and less reliable as compared to
the ratings for forest habitats.
(1). Spearman Rank Correlations
The habitat rating for the four land-cover sources (ISIS, LUDA, NHAP, and TM), as well as the
wetlands and natural areas, were compared using a Spearman Rank correlation test. The
matrices for the three guilds are given in Tables 27-29. The forest rating for the ISIS, LUDA,
NHAP, and TM data sets were all highly correlated (Table 27). These four data sets were,
however, negatively correlated to the NWI and INAI databases. The habitat ranking
generated by ISIS for the grassland species guild were negatively correlated with the habitat
rankings generated using the NHAP and TM data sets, indicating the general inadequacy of our
analyses to assess grasslands (Table 28). The LUDA data set did not identify grassland land
use. The poor correlation between the habitat ranks generated using ISIS and those generated
using LUDA, NHAP, and TM data sets for the grassland species guild is probably due to the
failure of the NHAP and TM data sets to adequately identify grassland land use. The ISIS
data set was positively correlated with the NWI and INAI databases, indicating that much of
the grassland picked up by ISIS was probably contained in wetlands. Habitat rankings
generated using NHAP and TM data sets were positively correlated for grasslands. The
habitat rankings for the mixed successional species guild generated from the ISIS, LUDA,
NHAP, and TM data sets were highly correlated (Table 29). However, the NWI and INAI
databases were negatively correlated.
The highly significant positive relationship between ISIS and TM data, for forest and mixed
successional habitat ratings, is especially advantageous, since future TM data would be easier
to obtain and less time consuming to adapt to a riparian database than the high-resolution
aerial photos used for ISIS. However, it would still be costly in time and money to update.
One problem with the comparison is the inability of LUDA, NHAP, and TM data classification
to clearly distinguish grassland from mixed successional. If the TM data were to be used for
more regional assessments of riparian habitats,, a method for dealing with this problem would
have to be developed. For example, more clear-cut definitions of what constitutes mixed
successional habitats, such as tree height and canopy closure, would need to be discussed with
wildlife professionals.
(2). Pearson Product Moment Correlations
Tables 30-32 give the results of the Pearson product moment correlation for the LUDA, NHAP,
and TM data sets. The ratings for the forest species guild were highly correlated with the
other three data sets. The rankings for grassland and mixed successional species guilds
generated using NHAP and TM data were also correlated. LUDA ranks did not correlate
significantly with NHAP and TM ranks for mixed successional guild. These data again point to
the inadequacy of the LUDA data for this type of analysis, and that TM does provide a
feasible alternative to the very labor-intensive effort of analyzing high-resolution aerial
photographs (as was done with NHAP and ISIS data).
4. Linking ISIS to IGIS at Stream Segment Level
The information obtained from implementing dynamic segmentation for Jordan Creek was not
used in the assessment and ranking of habitats. Rather, it is presented as a logical next step.
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Table 27. Spearman Rank Correlation matrix (Rho corrected for ties reported) of habitat
quality scores for forest species guild using land cover information contained in ISIS,
LUDA, NHAP, TM, NWI, and INAI data sets within each 300-m stream buffer
(*P=<0.05, **P=<.0.01, ***P=<0.001).
Forest
Data set ISIS LUDA NHAP TM NWI
LUDA 0.75**
N 30
NHAP 0.88** 0.80**
N 30 30 --
TM 0.81** 0.51** 0.84**
N 27 27 27
NWI -0.76** -0.77** -0.85** -0.60**
N 30 30 30 27
INAI -0.47** -0.57** -0.44** -0.24 0.53**
N 30 30 30 27 30
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Table 28. Spearman Rank Correlation matrix (Rho corrected for ties reported) of habitat
quality scores for grassland species guild using land cover information contained in
ISIS, LUDA, NHAP, TM, NWI, and INAI data sets within each 300-m stream
buffer (*P=<0.05, **P=<.0.01, ***P=<0.001).
Grassland
Data set ISIS LUDA NHAP TM NWI
LUDA -- -- -- -- --
N 30
NHAP -0.57**
N 30
TM -0.35* -- 0.53**
N 27 -- 27
NWI 0.54** -- -0.58** -0.40*
N 30 - - 30 27
INAI 0.46** -- -0.34* -0.06 0.53**
N 30 - - 30 27 30
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Table 29. Spearman Rank Correlation matrix (Rho corrected for ties reported) of habitat
quality scores for mixed successional species guild using land cover information
contained in ISIS, LUDA, NHAP, TM, NWI, and INAI data sets within each 300-
m stream buffer (*P=<0.05, **P=<.0.01, ***P=<0.001).
Mixed successional
Data set ISIS LUDA NHAP TM NWI
LUDA- 0.53**
N 30
NHAP 0.59** 0.26
N 30 30 -- -
TM 0.72** 0.25 0.91**
N 27 27 27
NWI -0.77** -0.63** -0.44** -0.50** - -
N 30 30 30 27
IN AI -0.44** -0.37* -0.19 -0.24 0.53**
N 30 30 30 27 30
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Table 30. Pearson product moment correlation matrix of
habitat quality scores for forest species guild using
land cover information contained in LUDA, NHAP,
and TM data sets within each 300-m stream buffer
(*P=<0.05, **P=<.0.01, ***P=<0.001).
Data set LUDA NHAP
NHAP 0.81***
N 30
TM 0.67*** 0.88***
N 30 30
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Table 31. Pearson product moment correlation matrix of
habitat quality scores for grassland species guild
using land cover information contained in LUDA,
NHAP, and TM data sets within each 300-m stream
buffer (*P=<0.05, **P=<.0.01, ***P=<0.001).
Data set LUDA NHAP
NHAP No data
N 0
TM No data 0.56**
N 0 30
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Table 32. Pearson product moment correlation matrix of
habitat quality scores for mixed successional species
guild using land cover information contained in
LUDA, NHAP, and TM data sets within each 300-m
stream buffer (*P=<0.05, **P=<.0.01, ***P=<0.001).
Data set LUDA NHAP
NHAP 0.17
N 30
TM 0.24 0.84***
N 30 30
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Once a particular stream has been identified for further investigation, the linkage of ISIS data
to a cartographic base allows for further, site-specific evaluation and assessment. It provides
answers to questions such as "where is the forested land along this stream?", and adds insight
into the nature and character of the resource.
a. Manual Analysis of Tordan Creek
The results of the manual effort in digitizing and assigning bankside vegetation codes for Jordan
Creek are shown in Figure 22. As described previously, the first number of the code describes
the vegetation adjacent to the stream, the second number describes how far the adjacent
vegetation extends from the stream, and the third number describes the dominant vegetation
type within the 300-m stream bank. Agriculture is the most dominant land cover within the
300-m bankside for most of Jordan Creek; only at the northern tip are there places where forest
is the dominant land cover within 300 m of the stream.
Based on these vegetation codes, riparian habitat ratings (according to the ISIS ranking
schemes in Tables 24-26) for each guild are presented in Figures 23-25. For forest wildlife
species, the northern locations dominated by forest (shown coded 131 in Figure 22) obviously
rated high for wildlife habitat, with quite low ratings in the southerly areas dominated by
grass and agriculture (Fig. 23). The grassland habitat had a few locations rating quite high
(grass adjacent to stream in urban-dominated area). These locations were at the very northern
and very southern tips of Jordan Creek (Fig. 24).
For mixed successional habitats, three areas rated high for wildlife habitat. They are located
on the northern part of Jordan Creek. These areas contained some combination of forest, grass,
mixed, and agricultural vegetation (Fig. 25).
b. Dynamic Segmentation of Jordan Creek
Although this effort was plagued by continual delays in the release of the dynamic
segmentation software, and "bugs" in the software once it was received, we believe the software
will be of significant use in the management and analysis of stream information in the future.
Figures 26-28 demonstrate some of the capabilities of the software. In Figures 26 and 27, the
bankside vegetation is portrayed, as processed through dynamic segmentation, for the left and
right bankside vegetation, respectively. These figures show where the vegetation changes
according to the RMI figures in the ISIS database. Then, the strip-plot feature of dynamic
segmentation, as shown for Jordan Creek in Figure 28, creates a new visual analysis tool which
allows immediate interpretation of the data.
c. Comparison of Methods
Figures 26 and 27 compare the results from dynamic segmentation to those obtained by
digitizing the source materials. Overall the results are very good. Nowhere does the change in
bankside vegetation generated by dynamic segmentation differ by more than .007 mile from the
manually digitized data. Arc also supports the display of the attribute information in a strip-
map format. Figure 28 shows both the immediate and dominant bankside vegetation along
Jordan Creek, as coded in ISIS. The distance measures are interpolated by Arc from the RMI
values stored for the intersection of each section line with the stream. The elevation data
stored in ISIS could be used in a similar fashion to generate stream profiles and hydrographs.
The ability to display information in an accessible way reinforces the idea that "a picture is
worth a thousand words"; detailed information of bankside vegetation can be visualized
within each tributary (Fig. 28).
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Figure 22. Bankside vegetation along Jordan Creek, digitized from the original ISI manuscnpt.
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Figure 23. Wildlife habitat ratings for forest species applied at the sub-tributary level along
Jordan Creek.
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Figure 24. Wildlife habitat ratings for grassland species applied at the sub-tributary level
along Jordan Creek.
83
nillion Basin
Ifor
Figure 25. Wildlife habitat ratings for mixed species applied at the sub-tributary level along
Jordan Creek.
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Figure 26. Comparison of vegetation along left bank of Jordan Creek, as determined by manual
digitizing and Arc dynamic segmentation;
Buffer lines and their perpendiculars
represent manually digitized locations
where the bankside vegetation changes.
Changes in line symbology indicate
those same locations (for the right
bank of the stream) as determined by
dynamic segmentation with the PLS
section lines as 'tie points'.
O-n 0.1 mile, the resolution of ISIS data.
Figure 27. Comparison of vegetation along right bank of Jordan Creek, as determined by manual
digitizing and Arc dynamic segmentation.
Strip Maps of bankside Vegetation along Jordan Creek.
ISIS data is displayed using Arc dynamic segmentation.
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These preliminary efforts show that there would be a sizeable effort involved in developing a
river network capable of supporting dynamic segmentation for a large basin or the entire State.
Relative to the manual effort however, this effort is minimal and provides a much more
valuable and utilitarian product. This is particularly true in that implementing dynamic
segmentation, based on ISIS RMI values, would provide a base to which multiple attributes
could be attached, analyzed, or displayed. To accomplish a similar result through manual
digitizing would require that each attribute be digitized and maintained separately. The
advantages of dynamic segmentation lie in having a single representation of the stream
network capable of supporting any attribute data which is referenced to the RMI. This
obviously includes all ISIS data, which are many (Hinrichs and Hopkins, 1991). Using a single
coverage as a base, data on stream elevation, station locations, sampling sites, bankside
vegetation, and more can be displayed in map form at a resolution limited only by the 0.1 mile
resolution of the RMI.
CONCLUSIONS AND RECOMMENDATIONS
1. The techniques and methods developed and discussed in this study do, for the most part,
work. Habitats for three wildlife guilds were classified, ranked, and compared among four
different spatial data sets. The results show that the ISIS data set compared favorably
with the LUDA, NHAP, and TM data sets when analyzed at the stream level for forest
and mixed successional habitat. Inadequate spatial resolution and classification
inconsistency among the data sets were responsible for less than satisfactory results for
grassland habitat.
2. The favorable results obtained from ISIS reinforce its value and justifies the need to be able
to bring the ISIS data into the IGIS. ISIS does provide valuable information on the habitat
value for wildlife. It is based on very high-resolution data which was important to detect
small patches (e.g., small grass strips along streams). The major limitations of the ISIS
data is that it does not contain data for streams draining less than 10 square miles, it has a
static date of the late 1970s to early 1980s and is thus becoming out-of-date, and it resolves
spatially only to the tenth-of-a-mile. It should also be reiterated that it presently is a
topologic, not a geographic representation of the streams of Illinois.
3. Establishing a base map using dynamic segmentation and ISIS is feasible. It is the
assessment of the research team that Arc dynamic segmentation is a viable and functional
tool for linking ISIS attribute data to a 1:100,000 scale base map of the State's hydrologic
network. The potential of using this method for mapping and analyzing stream information
(out ofJISIS data or elsewhere) at the segment (subtributary) level holds great promise, but
sizeable efforts are needed to prepare data for the dynamic segmentation process.
4. For future updating of habitat for wildlife, the TM data were shown to provide good
information on land cover and subsequently habitat for wildlife. NHAP also provided very
good information but use of those data are not practical on a statewide basis. LUDA data
were acceptable for forest and mixed successional guilds, but the coarser resolution, lack of
grassland classes, and date (late 1970s) limit their usefulness in statewide assessments.
5. Streams within the Vermilion basin were rated for habitat value for guilds using forests,
grasslands, and mixed successional habitat. In general, for the forest habitat and mixed
successional habitat, the larger the stream and the higher the hierarchical order, the
better quality of habitats for wildlife. For example, the Salt Fork and Middle Fork rate
higher than the tributaries that flow into them. For grassland habitat, the roles are
reversed where the smallest tributaries (low in hierarchical order) have the highest
habitat rankings.
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6. The results of this project provide a sound foundation for rating riparian habitats across the
State. However, in several instances we had to rely on subjective decisions in the ranking
process. In another phase of the work, the dynamic segmentation software carries a great
deal of promise in facilitating the visual display and analysis of the tabular ISIS data. In
both phases, there is a great need for additional research to implement the work to other
basins across the entire State and at a greater level of objective precision while minimizing
effort. Additional work in this area guarantees to be fruitful to the scientific community as
well as the citizens of Illinois.
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